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TO THE 

ENGLISH TBANSLATION 


The first English edition of this work was published in 1891, and 
that a second edition is now called for is, wo think, a sufficient 
proof that the enthusiasm of tho author for his science, and the 
philosophical method of his teaching, have been duly appreciated 
by English chemists. 

In the scientific work to which Professor MendelOefPs life 
has been devoted, hia continual endeavour has been to bring the 
scattered facts of chemistry within the domain of law, and accord- 
ingly in his teaching he endeavours to impress upon the student 
the jmneipka of the science, the generalisations, so far as they have 

been discovered, under which the facts naturally group themselves. 

Of those generalisations the periodic law is perhaps the most 

important that has been put forward since tho establishment of the 
atomic theory. It is therefore interesting to note that Professor 
Mendel6efF was led to its discovery in preparing tho first Russian 
edition of this book. 

It is natural, too, that the further application and development 
of that generalisation should be the principal feature of this, tho 
latest edition. 

There are special difficulties in rendering the Russian lan- 
guage into good English, and we are conscious that these have 
not been entirely overcome. Doubtless also there are errors of 
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statement which have escaped correction, but w© believe that the 
present edition will be found better in both respects than its pre- 
decessor. We have thought it our duty as translators to give as 
far as possible a faithful reproduction of Professor Mendel6efFs 
work— the sixth Russian edition— without amplifying or modifying 
his statements, and in this we have the author's approval. 

Although other duties have prevented Mr. Greenaway from 
undertaking the care of the present edition, he has been kind 
enough to give ns the benefit of his suggestions on several points. 
We also wish to thank the Managers of the Royal Institution for 
permission to reprint the leoture delivered at the Royal Institution 
by Professor Mendelfieff (Appendix I.), and to the Council of the 
Chemical Sooiety for permission to reprint the Faraday leoture 
which forms Appendix II. 

In conclusion, we are indebted to Mr. P, Bvershed, who hm 
given us much valuable assistance in revising the sheet® for the 
press. 


August 1807 


G. K. 

T. A. h 
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of our science form the chief theme of the work. In former times 
sciences, -like bridges, could only be built up by supporting them 
on a few broad buttresses and long girders. In addition to the 
exposition of the principles of chemistry, it has boon my desire to 
show how science has now been built up like a suspension bridge, 
supported by the united strength of a number of slender, but 
firmly-fixed, chains, which individually are of little strength, and 
has thus been carried over difficulties which before appeared in** 
superable. In comparing the science of the past, the present, and 
the future, in placing the particulars of its restricted experiments 
side by side with its aspirations after unbounded and infinite 
truth, and in restraining myself from yielding to a bias towards 
the most attractive path, I have endeavoured to incite in the reader 
a spirit of inquiry, which, dissatisGed with speculative reasonings 
alone, should subject every idea to experiment, encourage the habit 
of stubborn work, and excite a searoh for fr©Bh chains of evidence to 
complete the bridge over the bottomless unknown. History proves 
that it is possible by this means to avoid two equally permcioui 
extremes, the Utopian — a visionary contemplation which proceeds 
from a current of thought only— and the stagnant realism which 
is content with bare facts. Sciences like chemistry, which deal 
with ideas as well as with material substances, and create a pawl* 
bility of immediately verifying that which has been or may bo 
discovered or assumed, demonstrate at every step that the work 
of the past has availed much, and that without it it would bo 
impossible to advance into the ocean of the unknown. They 
also show the possibility of becoming acquainted with t'rrnh 
portions of this unknown, and compel us, while duly respecting 
the teachings of history, to cast aside classical illusions, and to 
engage in a work which not only gives mental satisfaction but la 
also practically useful to all our fellow-creatures.’ 

1 Chemistry, like every other soienoe, is at onoe a means and an m&. It ia ft 
means of attaining oertain praotloal results. Thus, by its awiisUnee, the obtaining 
of matter in its various forms is facilitated ; it shows new possibilities of availing 
ourselves of the forces of nature, indicates the methods of preparing many #ub< 
stances, points out their properties, Ac. In this sense ohemktry Is slowly etmneolftd 
with the work of the manufacturer and the artisan, its sphere is active, and it ft 
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Thas the desire to direct those thirsting for truth to the pure 
source of the science of the forces acting throughout nature forms 

means of promoting general welfare. Besides this honourable vocation, ohemistry 
has another. With it, as with every other elaborated science, thero are many lofty 
aspirations, the contemplation of which serves to inspiro its workers and adherents. 
This contemplation comprises not only the principal data of the science, but also 
the generally-accepted deductions, and also hypotheses which refer to phenomena 
as yet but imperfectly known.. In this latter Bonse scientific contemplation varies 
muoh with times and persons, it bears the stamp of oreative power, and em> 
hraoos tho highest forms of scientific progress. In that pure enjoyment ex- 
perienced on approaching to the ideal, in that eagerness to draw aside the veil 
from tho hidden truth, and evon in that discord which exists between the various 
workers, we ought to sec tho surest pledges of furthor scientific progress. Science 
thus advances, discovering new truths, and at the some time obtaining praotieal 
results. The edifice of science not ofily requires material, but also a plan, and 
necessitates the work of preparing the materials, putting them together, working 
out the plans and the symmetrical proportions of the various parts. To conceive, 
understand, and grasp the whole symmetry of the scientific edifice, including its 
unfinished portions, is equivalent to testing that enjoyment only Convoyed by the 
highest forma of beauty and truth. Without tho material, tho plan alone is but 
a castle in the air— a tnoro possibility; whilst tho material without a plan is but 
useless matter. Ail depends on tho concordance of tho materials with the plan and 
execution, and the general harmony thereby attained. In tho work of soieneo, tho 
artisan, architect, and creator ore very often one and the same individual ; but 
eonuitinuw, as In other walks of life, there is a difference between them ; sometimes 
the plan is preconceived, sometimes it follows the preparation and accumulation 
of the raw material. Free access to the edifice of science l# not onlyallowed to 
those who devised the plan, worked out the detailed drawings, prepared the 
materials, or piled up tho brickwork, but also to all those who are desirous of 
making a close acquaintance with the plan, and wish to avoid dwelling in the 
vaults or in the garrets where the useless lumber i# stored. 

Knowing how contented, free, and joyful is life in Hr® realm of soienee, one 
fervently wishee that many would, enter its portals. On this account many 
pages of tide treatise are unwittingly stamped with the earnest desire that the 
habits of chemical contemplation which I have endeavoured to. instil into the 
minds of my readers will incite them to the further study of science. Helen ett will 
then flourish in thorn and by them, on » fuller acquaintance not only with toot 
little which is enclosed within the narrow limits of ray work, but with the further 
learning which they must imbibe in order hi make thecoselves maatera of our 
ecleneo and partakers In its further advancement. 

Those who enlist in the cause of science have no reason to fear when they 
remember the urgent need for practical worker# in the sphere# of agriculture, arte, 
and manufacture. By summoning adherents to the work of theoretical chemistry, 
I am confident that I call them to a most useful labour, to the habit of dealing 
correctly with nature and its laws, and to the possibility of becoming truly practical 
men. In order to become actual chemists, it is necessary for beginner# to be well 
and closely acquainted with throe important branches of chemistry — analytical, 
organic, and theoretical. That part of chemistry winch is dealt with in thin 
treaties hi only the groundwork of the edifice. for the learning and development 


X 


PRINCIPLES OF CHEMISTJtt 


the first and most important aim of this book. The time has ar- 
rived when a knowledge of physics and chemistry forms as im- 
portant a part of education as that of the classics did two centuries 
ago. In those days the nations which excelled in classical learning, 
stood foremost, just as now the most advanced are those which ar© 
superior in the knowledge of the natural sciences, for they form 
the strength and characteristic of our times. In following the above 
and chief aim, I set myself a second object : to furnish a text-book 
for an elementary knowledge of chemistry and so satisfy a want 
which undoubtedly exists among students and those who haw re- 
course to chemistry either as a source of truth or welfare,* Hence, 

of chemistry in its truest and fullest sense, beginners ought, In th® first glad®, to 
turn their attention to the practical work of analytical chemistry; in the second 
place, to practical and theoretical acquaintance with some special chemical ques- 
tion, studying the original treatises of the investigators of the subject {at flnst, 
under the direction of experienced teachers), because In working out particular 
facts the faculty of judgment and of oorreot criticism becomes sharpened ; in the 
third place, to a knowledge of current scientific questions through the specie! 
chemical journals and papers, and by intercourse with other chemists. The time 
has come to turn aside from visionary contemplation, from platonic aspirations, 
and from classical verbosity, and to enter the regions of actual labour for the 
common weal, to prove that the study of soienoe is not only an excellent education 
for youth, but that it instils the virtues of industry and veracity, and create* solid 
national wealth, material and mental, whioh without it would be unattainable. 
Soienoe, whioh deals with the infinite, is Itself without bounds, 

* I recommend those who arc commencing the study of chemistry with my 
book fo first read only what it printed in the large type, because in that part 1 
have endeavoured to concentrate all tho fundamental, Indispensable knowledge 
required for that study. In the footnotes, printed In email typo (which should be 
read only after the large text 1 has been mastered), certain details are eftsometd} 
they ore oither further examples, or debatable questions on existing ideas whioh 
I thought useful to lay before those entering into the sphere of science, or eertaJii 
historical and technical details whioh might be withdrawn from the fundamental 
portion of the book. Without intending to attain in my treatise to the complete- 
ness of a work of reference, I have still endeavoured ta express the principal 
developments of soienoe as they oonoem the chemical elements viewed in that 
aspect in which they appeared to me after long continued study of the subject and 
participation in the contemporary advance of knowledge, 

I have also placed my personal views, supposition*, and argument* in the foot- 
notes, whioh, are ohiefly designed for details and reference*. But I hav® endaavowed 
to avoid here, as in the text, not only aU that I consider doubtful, but aleo 
details which belong either to special branches of chemistry (for toatanoo, to 
analytical, organic, physical, theoretical, physiological, agricultural, or e— 
chemistry), or to different branches of natural soienoe whioh are more and more 
coining into closer and closer contact with chemistry. Ohemiatry, X am eunvtnoed. 
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although the fundamental object of thiB work was to express and 
embrace the general chemical teaching of the present day from a 
personal point of view, I have nevertheless striven throughout to 
maintain such a level as would render the 1 Principles of Chemistjy * 
accessible to the beginner. Many aspects of this work are deter- 
mined by thifi combination of requirements which frequently differ 
widely. An issue was only possible under one condition, i.o. not 
to be carried away by what appears to be a plausible theory in ex- 
plaining individual foots and to always endeavour to transmit the 
simple truth of a given fact, extracting it from the vast store of the 
literature of the subject and from tried personal experience. In 
publishing a new edition of this work I have striven to add any foots 
of importance reoently discovered 8 and to revise the former edition 
in the above spirit. With this object I have entirely gone over this 
edition, and a comparison of.it with the former one will show that 
the additions and alterations have cost as much labour as many 

must occupy tv place among tbo natural sciences side by aide with mechanics ; for 
mechanics treats of matter as a system of ponderable points having soarooly any 
Individuality and only standing in a oertaln state of mobile equilibrium. For 
chemistry, matter is an entire world of life, with an infinite variety of individuality 
both in the elements and in thalr combinations. In studying the general 
uniformity from a mechanical point of view, I think that the highest point of 
knowledge of nature cannot be attained without taking into account the indi- 
viduality of things in which chemistry is set to seek for general higher laws. 
Mechanics may be likened to the science of statesmanship, chemistry to the science 
of jurisprudence and sociology. The general univeree could not be built up without 
live particular individual universe, and would be a -dry abstract were it not enlivened 
by the real variety of the individual world. Mechanics forms the classical basis of 
natural philosophy, whUe chemistry, o« s comparatively new and still young Boienee, 
already strives to— and will, in the future*™- Introduce a new, living aspect Into 
♦Ire philosophy of nature ; all the more as chemistry alone ie never at rest or any- 
where dead - its vital action has universal sway, and inevitably determines the 
general aspect of the universe. Just as the microscope and telescope enlarge the 
iMXjpe of vision, and discover life in seeming immobility, so chemistry, in discovering 
and striving to dlaeern the life of the invisible world of atoms and mol routes* 
and their ultimate limit of divisibility, will clearly introduce new and important 
problem# Into ou,r conception of nature. And I think that its ritie, which i« now 
considerable, will Increase more and more in the future 5 that ie, I think that in 
its further development it will occupy a place side by aid© with mechanics for the 
comprehension of the secrets of nature. Rut here we require some second Newton ; 
and I have no doubt that ho will aeon appear. 

* I was much helped in gathering data from the various chemical journal a of 
the lost five years by the abatroete made for me by Mr V. V. KouriUoff, to whom I 
tender my beet thank;*. 
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naturally have ignored it, or only mentioned it cursorily, but euoh a 
treatment of solutions, although usual in elementary treatises on 
chemistry, would not have answered my views upon the subject of 
our science, and I wished that the reader might find in my book 
beyond everything an expression of all that a study of the subject 
built up for .me. If in solutions I see and can frequently prove 
distinct evidences of the existence of those definite compounds 
which form the more generalised province of chemical data, I 
could not refrain from going into certain details respecting 
solutions ; otherwise, there would have remained no trace of that 
general idea, that in them we have only a certain instance of ordi- 
nary -definite or atomio compounds, subject to Dalton's law*. 
Having long had this idea, I wished to impress it upon the 
reader of my book, and it is this desire which forma the second of 
those chief reasons why I recur so frequently to solution® in this 
work. At present, my ideas respecting solution! are shared by 
few, but I trust that by degrees the instances I give will pave 
the way for their general recognition, and it is my hope that they 
may find adherents among those of my readers who are in a 
position to work out by experiment this difficult but highly 
interesting problem. 

In conclusion, I desire to record my thanks to V. X). Sapogenik off, 
who has corrected the proofs of the whole of this edition and com- 
piled the indexes which greatly facilitate the search for those 
details which are scattered throughout the work. 


D. MEJNDMBFF, 
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INTKODUCTION 

Trb study of natural science, whose rapid development dates from 
fch© days of Galileo (fl842) and Newton (fl727), and its oloser applica- 
tion to the external universe 1 led to the separation of Chemistry as a 

* The investigation of ft eubiitanoe or ft natural phenomenon consist® (a.) In determin- 
ing the relation of the object under examination to that whioh Ik already known, either 
from previous researches, or from experiment, or from the knowledge of the common 
surroundings of life— that is, In determining ami expressing the quality of the unknown 
by the aid of that whioh is known ; ( b ) in measuring all that which can bo subjected to 
measurement, and thereby denoting the quantitative relation of that under investigation 
to that already known and its relation to the categories of time, space, temperature, 
mass, &o. ; (e) in determining the position held by the ohjeot under investigation in idle 
system of known objects guided by both qualitative and quantitative data j (d) in do* 
termtnlng, from the quantities whioh have* been measured, the empirical (visible) depen- 
dence (function, or ‘ law,' os It is sometime# termed) of variable factor#--- for Instance, the 
dependence of the composition of the substance on its properties, of temperature on 
time, of time on locality, &i \ ; (#) in framing hypotheses or proposition® as to the actual 
cause and true nature of the relation between that studied (measured or observed) and 
that wliioh is known or the categories of time, space, <feo. ; (/) in verifying the logical 
consequences of the hypotheses by axperimanti.oad (g) in advancing a theory wliioh 
shall account for the nature of the properties of that studied in its relations with things 
already known and with those eondifcions or categories among which it exists. It ta 
certain that it Is only possible to carry out these investigations when vm have taken m 
a basts some incontestable fact which is self-evident to our understanding ; as, for instance, 
Oumlmr, time, space, motion, or mass. The determination of such primary or funda- 
mental conceptions, although not excluded from the possibility of investigation, frequently 
does not subject itself to our present mode of scientific generalisation, lienee it follows 
that In the investigation of anything, there always remains something which ia accepted 
without investigation, or admitted as a known factor. The axioms of geometry may tw 
taken as an example. Thus In the science of biology it is necessary to admit the faculty 
of organisms for multiplying themselves, as a conception whose meaning ia m yet 
unknown. In the study of chemistry, too, the notion of elements mast be accepted almost 
without any further analysis, However, by first investigating that which l» visible and 
subject to direct olmorvatlcm by the organs of tin* senses, we may hope that in the first 
place hypotheses will be arrived at, and afterwards theories of that which has now to bo 
placed at the l*a#is of our Investigations. The minds of Urn ancient# strove to mlm at 
ono# tl»<> very fundamental categories of investigation, whilst all the of reconi 
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particular branch of natural philosophy, not only owing to tho in- 
creasing storo of observations and Gxponmonts relating to tho mutual 
transformations of substances, but also, and more especially, because 
in addition to gravity, cohesion, heat, light and electricity it became 
necessary to- recognise the existence of particular intornal forces in the 
ultimate parts of all substances, foroes which make themselves mani- 
fest in the transformations of substances into one another, but remain 
hidden (latent) under ordinary circumstances, and whoso okiatonde Can- 
not therefore be directly apprehended, and so for a long time remained 
unrecognised. The primary object of chemistry is tho study of the 
homogeneous substances 5 of which all tho objects of tho universe are 


knowledge are based on the abovo-ditod method of in ventilation without tho determina- 
tion of ‘ the beginning of all beginnings.’ By following this Inductive method, the maot- 
eciences have already suooeeded In becoming accurately acquainted with much of the 
invisible world, which direotly 1 b imperceptible to the organs of sense (for example, the 
molecular motion of all bodies, tho composition of the heavenly luminaries, the paths of 
their motion, the necessity for the existence of substance* which cannot be subjected 
to experiment, &o.), and have verified tho knowledge thus obtained, and employed it hr 
increasing the' interests of humanity. It may therefore be safely said that ih# imUuf 
Hve method of inveitigation is a more perfect mode of acquiring knowledge than the 
deductive method alone (starting from a little of the unknown accepted a* inw«t<*uUk 
to arrive at the much whloh is visible and observable) by which the ancients strove to 
embrace the universe. By investigating tho universe by an inductive method (endeavour, 
ing from the much which is observable to arrive at a little which may be verified and 
is indubitable) the new science refuses to reoognjso dogma as truth, but through 
by a slow and laborious method of investigation, strives for and attains to true de- 


ductions. 

* A substance or material is that whloh oooupies space and has weight ; t b* t ^ 
which presents a mass attracted by the earth and by other masses of material, and of 
which the ohjeett of nature are composed, and by means of which the motions and 
phenomena of nature are accomplished. It is easy to discover by examining and 
investigating, by various methods, the objects met with in nature and in the arte, th m t 
some of them are homogeneous, whilst others are composed of a mixture of tm-ttnH 
homogeneous substances. This is most clearly apparent in solid substance#. The 
metals used in tho arts (for example, gold, iron, oopper) must be hamagimetitis, otherwise 
they are brittlo and unfit for many purposes Homogeneous matter exhibits eituiler 
properties in all its ports. By breaking up a homogeneous substance wu obtain parts 
which, although different in form, resemble jsach cite in their propwtlee, ft law, mm 
sugar, marble, dso., are examples of homogeneous substances, B*ampl M £ ,f 
geneous substances are, however, much more frequent In nature and the am. Thu* 
the majority of the rooks aro not homogeneous. In porphyries bright piee*» of a mineral 
called ' orthoclasc * are often seen Interspersed amonpt the dark mas* of the rock Hi 
ordinary red granite it is easy to distinguish large pieces of orUnwtaw mixed with dark 
oemi-transparent quartz and flexible lomimo of mloa. Similarly, plant* omj aiOaml, 
non-homogeneous. Thus, leaves aro composed of a skin, fibre, p»!p, eap, mwl % CT ftTa 
colouring matter. As an example of those non-homogeneous substances which nm me* 
duoed artificially, gunpowder may be cited, whloh Is prepared by mixing together hZ 
proportions of sulphur, nitre, and charcoal. Many liquids, also, aro not iwmtmmmm, a* 
may be observed by the aid of the microscope, when drops of blood are matt to omitf «f 
a colourless liquid in which red corpuscles, Invisible to the r »«b*d «» mim to 
email size, are floating about. I (He these corpuscles which gif# blood its p«mU*r 
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made tip, with the transformations of these substances into each other, 
and with the phenomena 8 which aooompany such transformations. 
Every chemical change or reaction, 4 as it is oallod, can only take place 
under a condition of most intimate and dose oontaot of the ro -acting 
substances, 5 and is determined by the forces proper to the smallest 
invisible particles (molecules) of matter. We must distinguish three 
ohiof olasses of chemical transformations. 

1. Combination is a reaction in which the union of two substances 
yields a new one, or in general terms, from a given number of sub- 
stances, a lessor number is obtained. Thus, by heating a mixture of 
iron and sulphur 6 a single new substance is produced, iron sulphide, in 

Wffl r lftcvlfto a trannpartmi liquid, in which miorosoopioal dropu of fat are floating, which 
rise to the top when milk is left at rest, forming cream. It is possible to extract from 
every non-homogoneous substance those homogeneous unbalances of which it is made 
up. Thus orthoolase may be separated from porphyry by breaking it off. So also gold la 
extracted from auriferous sand by washing away the mixture of day and mind. 
Chemistry deals only with the homogeneous substanoes met with in nature, or extracted 
from natural or artificial non-homogeneouo substanoes, The various mixtures found 
In nature form the suhjoots of other natural sciences-- as geognosy, botany, soology, 
anatomy, &a. 

® All those events wldoh are accomplished by subsianoes in ume are termed 'pheno- 
mena.' Phenomena in themselves form the fundamental subject of the study of phyrioa. 
Motion Is the primary and most generally understood form of phenomenon, and there- 
fore w© endeavour to reason about other phenomena as dearly as when dealing with motion* 
For this reason mechanics!, which treats of motion, forms tire fundamental sclenoe of 
natural philosophy, and all other edenoee endeavour to reduce the phenomena with 
which they are eonoemed to mechanical principle#. Astronomy was the Aral to take 
to tills path of reasoning, and succeeded in many oases in reducing astronomical to 
purely mechanical phenomena, Chemistry and physios, physiology and biology are pro- 
(wading in the same direction. One of the most important questions of all natural scion oe, 
and one which has been handed down from the philosophers of elassio times, Is, whether 
the omapreheasion of ah that is visible can be reduced to motion? Ita participation In 
ail, from the ' fixed ' stars to the most minute parts of the coldest bodies (Dewar, in 1894 
Bhowed that many substance# cooled to - WO® fluoresce moreafcrcmgly than at the ordinary 
temperature » U, that there la a motion in them which produces Mght) must now be 
recognised as undoubtabln from direct experiment and observation, but It does not follow 
from tills that by motion alone con all be explained. This follows, however, from the 
fact that wo cannot apprehend motion otherwise than by recognising matter in a state 
of motion. If light and elec tri oily he understood os particular forms of motion, then wo 
mast inevitably recognise the existence of a peculiar luminiferous (universal) ether m a 
material, transmitting this form of motion. And so, under the present state of know- 
ledge, it is Inevitably uecoasary to recognise the particular categories, motion and matter, 
tod as chemistry is more dowdy concerned with the various forms of the Utter, it should, 
together with mechanise or the study of motion, lie at the bad a of natural eohmea. 

4 The verb ' to react ' turns to act or change chemically. 

8 If ‘a phenomenon proceeds at visible or measurable distances (as, for Instance, 
magnetic attraction or gravity), it cannot he described as ehemieal, ainee these phenomena 
only take place at distances immeasurably small and andisttnguiahabU to the eye or tbit 
raJeroecope; that is k. say, they are purely molecular. 

* For this purpose a pteee of Iron may be made red hot tn a forge, and then placed 
hi contact with a loop of oulphur, when Iron sulphide will be obtained m a molteo 
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which the constituent substances cannot be distinguished even by 
•the highest magnifying power. Before the reaction, this iron could be 
separated from the mixture by a magnet, and the sulphur by dUfolving 
it in certain oily liquids ; 7 in general, before combination they might 
be mechanically separated from each other, but after combination both 
substances penetrate into each other, and are then neither mechanically 
separable nor individually distinguishable. As a rubs, reaction* of 
direct combination are accompanied by an ©volution of heat, and the 
common case of combustion, evolving heat, consists in the combination 
of combustible substances with a portion (oxygen) of the atmosphere, 
the gases and vapours contained in the smoke being the products of 
combination. 

2. Reactions of deoomponiion are case* the reverse of those of 
combination, that is, in which one substance gives two—or, in general, a 
given number of substances a greater number. Thus, by heating wood 
(and also coal and many animal or vegetable substance®) without mxmmi 
to air, a combustible gas, a watery liquid, tar, 'and carbon are obtained. 
It is in this way that tar, illuminating gas, and charcoal am prepared 
on a large eoale. 8 All limestones, for example, flagstone^ chalk, or 
marble, are decomposed' by heating to redness into lime and a peculiar 
gas called carbonic anhydride. A similar decomposition, taking place, 
however, at a much lower temperature, proceeds with the gmtn copper 
oarbonate whioh is contained in natural malachite. Thin example will 
be studied more in detail presently. Whilst heat is evolved In the 
ordinary reactions of combination, it is, on the contrary, absorbed la 
the reactions of decomposition. 

3. The third class of chemical reactions— where the number of 
re- acting aubstanoes is equal to the number of substances formed -—may 


liquid, the combination being accompanied by * risible toereeee In the jftaw ot the tern. 
Or else iron filings ere mixed with powdered sulphur in the proportion of (t p*rtoi of troa 
to 8 parts of sulphur, and the mixture pieced in a glee# tube, which hi then b«a»*d in wait 
plaoe. Combination does not ootomanod without the aid of external total, hut whtm mm 
started in any portion ©t the mixture tt ’extends tbmugheul the exitkra 
the portion first heated evolves sufficient heat to forming iron sulphide to mm the 
adjacent parts of the mixture to the temperature required for starting th# reart km. Us 
rise in. temperature thus produced is so high an to soften the gtoes tube. 

T Sulphur Is slightly soluble to many thin otto} it to very soluble to carbon H « w l p M» to 
and to some other liquids. Iron to insoluble to carbon bisulphide, and the m tohur \ h ^ rr 
foro con be dissolved away from the Iron. 

8 Decomposition of this kind to termed ‘dry dtotOtottoa,' bwmm> m to dtetttk t toa . 
the substance is heated and Vapours are given off whioh, on eodtog, wndm Into 
liquids. In general, decomposition, to absorbing heat, presents much to Mram to a 
physioal change of state-snob as, for example, that of a ttquM hktgts, Bevtfls 
Ubnusd eampli etedeoompostoton to hotting, and compared partial de»mp<*«i«w, wtosn a 


(or dissociation), to ovftpor&tio&i 
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be considered as a simultaneous decomposition and combination. II, 
for instance, two compounds A and B are taken and they react on each 
other to form the subatanoes 0 and D, then supposing that A is 
decomposed into 3D and E, and that E combines with B to form 0, wo 
have a reaction in which two substances A, or D E, and B were taken 
and two othors 0, or E B, and D were produced. Suoh reactions 
ought to bo plaoed under the general term of reactions of ' rearrange* 
ment / and tho particular case whoro two substances give two freah 
ones, reactions of ‘ substitution.’ 0 Thus, if a piece of iron be immersed 
in a solution of blue vitriol (oopper sulphate), copper is formed — or, 
rather, separated out, and green vitriol (iron sulphate, which only 
differs from the blue vitriol in that the iron has replaoed the oopper) is 
obtained in solution. In this manner iron may be coated with oopper, 
•so also oopper with silver ; suoh reactions are frequently made use of 
in practice. 

The majority of the ohemioal changes whioh occur in nature and 
are made uso of technically are very complicated, as they oonsisfe of on 
association of many separate and simultaneous combinations, decom- 
positions, and replacements. It is chiefly duo to this natural coinploxity 
of ohomical phenomena that for so many centuries chemistry did nob 
exist as an exact soionoo j that is so say, that although many oliomioal 
changes wore known and mode use of, 1 ? yet their real nature was 
unknown, nor could they be predicted or directed at will. Another 
reason for the tardy progress of ohemioal knowledge is tho participation 
of gaseous subatanoes, especially air, in many reactions, Tho true 
comprehension of air as a ponderable substance, and of gases in general 
as peculiar elastic and dispersive states of matter, was only arrived at 
in the sixteenth and seventeenth centuries, and it was only after this 
that the transformations of substances oould form a science. Up to 
that time, without understanding the invisible and yet ponderable 
gaseous and vaporous states of substances, It was impossible to obtain 
any fundamental ohemioal evidence, because gases escaped from notice 

11 A roaotlon of rearrangement rosy in curtain eases take place with on® substance 
only i that is to say, a substance may by iteolf change Into a now Isomeric form. Thun, 
for examples it hard yellow sulphur be heated to a temperature at 9&Q' ,, and then poured 
into cold water it gives, on cooling, a soft, brown variety. Ordinary phosphorus, which 
is transparent, poisonous, and phosphorescent In the dark (in the air), gives, after being 
hooted at 970“ (In an atmosphere incapable of supporting combustion, each as steam), on 
opaque, red, and non .poisonous isomeric variety, which is not jdKwpkmstoent. Caeca of 
towneriam point out toe poeatbUity of an internal rearrangement in a Bubttanec, and are 
the result of an alteration in toe grouping of to® earn® elements, Just m a certain numbs* 
of balls may l«> grouped in figures and forms of different shapes. 

16 Thus toe ancients knew bow to convert the juice of grapes containing the saccharin® 
principle (glucose) late wine or vinegar, how to extract metals from toe ami which arc 
found in the earth’s cruet, and how to prepare glass from earthy eubat&neea. 
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between the reacting and resultant substances. It ia easy from the 
impression conveyed to us by the phenomena we obsorvo to form the 
opinion that matter is oreatod and destroyed : a whole mass of trees 
burn, and there only remains a little charooal and ash, whilst from one 
small seed thero grows little by litfclo a majestic tree. In one case 
matter seems to be destroyed, and in the other to bo created. This 
conclusion is arrived <at because the formation or consumption of gases, 
being under the oircumstances invisible to tho eye, is not observed. 

- When wood bums it undergoes a chemical change Into gaseous 
products, which escape as smoko. A very simple experiment will 
prove this. By collecting tho smoke it may bo observed that it 
contains gases which differ entirely from air, being incapable of 
supporting combustion or respiration. These gases may be weighed, 
and it will then bo seen that their weight exooods that of the wood 
taken. This increase in weight arises from tho fact, that, in burning, 
the componont parts of tho wood corhbino with a portion of the air j In 
like manner iron incroasos in weight by rusting. In burning gunpowder 
its substance is not destroyed, but only converted into gases and 
smoke. So also in the growth of a tre6 j the seed does not increase In 
mass of itself and from itself, but grows because it absorbs gases from 
the atmosphere and suoks water and substances dissolved therein trqm 
the earth through its roots. The sap and solid substances which give 
plants their form are produced from these absorbed gases and liquids 
by complicated chemical processes. Tho gases and liquids are converted 
into solid substances by the plants themselves. Plants not only do 
not increase in size, but die, in a gas which does not contain the 
constituents of air. When moist substances dry they decrease in weight j 
when water evaporates wo know that it docs not disappear, but will 
return from tho atmosphere as rain, dow, and snow. When water is 
absorbed by tho earth, it does not disappear thero for ever, but 
accumulates somewhere underground, from whence it afterwards flow# 
forth as a spring. Thus matter does not disappear and is net created, 
but only undergoes various physical and chemical transformations-"* 
that is to say, changes its locality and form. Matter remains on the 
earth in the same quantity as before ; in a word it is, so far m we are 
concerned, everlasting. Itj was difficult to submit this simple and 
primary truth of chemistry to investigation, but when once made clear 
it rapidly spread, and now seems as natural and simple as many truths 
which have been acknowledged for ages, Mariotte and other savant# 
of the seventeenth century already suspected the existence of the law 
of the indestructibility of matter, but they mode no efforts to express 
it or to apply it to tho requirements of science. Tho experiments by 


EfTTKODUOnON 


means of whioh this feimpl© law was arrived at wore made during the 
latter half of the lost century by the founder of modern chemistry,. 
Lavoisier, the Trench Academician and tax farmer. The numerous 
experiments of this savant were conducted with the aid of the balance, 



and in all the investigated phenomena of nature, it has never 1 been 
observed that the weight of the substances' formed was less or greater 
(as far as accuracy of weighing permits n ) than the weight of the sub- 
stances originally taken, and as woight is proportional to moss * 1 bla or 
quantity of matter, it ‘follows that no one has ever suocooded in observ- 
ing' a disappearance of matter or its appearance in fresh quantities. 
The law of the indestructibility of matter endows all chemical invests* 
gallons with exactitude, as, on its basis, an equation may be formed for 



u The weportaonta conducted by 8taafl {M*csrtbofl to Mall to Chap. 3CXTV. on 
flflver) form wuiiit (if the accurate roaoarolmu, proving tliat the weight of matt*# ia not 
altered in chemical rwaotmun, Uk-hiuk* 1m accurately weighed (introducing all the rvoooa. 
tnury eorrooUtmii) the rsantlng and mmltant aulmterowi. Lxmfe.U (Ihot) carried <* 
mkma mctlood in brmted and scaled glace U-lulww, and on weighing the tuWa baton 
motion (when the moting (solution# waro separated in each of the branetea at th# 
Inbds), and after {when the elation* bad Wen well mixed together by shaking), feand 
that either the weight remained perfectly eonatant or that the vwinfcit wm m mall 
(for Inateoae, 0*8 mUJigmro to a total weight of about a rafilkm milligram#} w to b# 
ascribed to the btevitahle error** of weighing. 

a an *phe idea of the man# of matter wae find ehajwd tote* an ewud. form fey (Wile® 
(died ItUS), and mure enpeeialiy fey Newton (Imra IMS, dwd 1787), to th» gtorfona epoch 
Of the d»vel>n«w»ot <*f the prineipte* of todwetiv# mutoutog emtodatod fey Ih&m and 
Ddoa r te e to Uwir ptuhieopbica) trealiM*. tthmrUy after the death of Newton, LavoMttt 
wham fame to imtoxl j»V*tl.*a«»j.hy thoaW rank with that of OaUteo and 
on Aogast 80, 1740. death of UtveMer owmrf during the Reign of Tmrnt of the 
*2 
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The chemist, in applying the law of the indestructibility of matter, 
and in making use of the chemical balance, must never lose sight of 
any one of the re-acting ot* resultant substances. Should such an over* 
sight be made, it will at once bo romarkod that the sum of tho weights 
of the substances taken is unequal to tho sum of the weights of the 
substances formed. All the progress made by chemistry during tho 
end of the last, and in tho present, oentury is entirely and immovably 
founded on the law of tho indestructibility of mattor. It is absolutely 
necessary in beginning tho study of chemistry to booomo familiar with 
the simple truth whioh is expressed by this law, and for this purpose 
several examples elucidating its application will now bo cited. 

1. It is well known that iron rusts in damp air, ls * and that when 
heated to red'noss in air it becomes ooatod with scoria (oxido), having, 
like rust, the appearance of an earthy substance resembling somo of the 
iron ores from which metallio iron is extracted. If tho iron i® weighed 
before and after the formation of tho scoria or rust, it will bo found 
that the metal has increased in weight during the operation. 1 * It 
can easily bo proved that this inoroaso in weight ia aooompllahed at 
the expense of the atmosphere, and mainly, as Lavoisier proved, at the 
expense of that portion which is called oxygon, In fact, in a vacuum, 
or in gases which do not contain oxygen, for instance, in hydrogon or 
nitrogen, the iron neither rusts nor becomes coated with scoria. Had 
the iron not been weighed, tho participation of tho oxygen of tho atmo- 
sphere in its transformation into an earthy substance might have easily 
passed unnoticed, as was formorly tho case, when phenomena like tho 
above were, for this, reason,, misunderstood. It is evident from tho 

French Revolution, when ho, together with twenty-six other chlot farmers of the revenue, 
waa guillotined on May 8, 1794, at Paris I but hie works and Idea* have made film 
immortal. 

18 By covering iron with an enamel, or varnish, or with un rum table metals (such as 
nickel), or a ooating of paraffin, or other similar substance#, it is protected from the air 
and moisture, and so kopt from rusting 

18 Suoh an experiment may easily be made by taking tire finest (unrunuid) Iron filing# 
(ordinary filings must be first washed in ether, dried, and passed through a very fine 
sievo) The fllinga thus obtainod are capablo of burning directly in air (tty oxidising nr 
forming rust), especially when they hang (are attracted) on a magnet. A compact piece 
of iron does not burn in air, but spongy iron glows and smoulders like tinder. In making 
the experiment, a horse-shoe magnol is fixed, with tho poles downwards, on one arm ».f a 
rather sonsitivo balanoo, and tho iron filings are applied to the magnet (mi » short „/ 
paper) so as to form a board about tho polos. Tho balanoo pan should 1st osnctly un>U>r 
the filings on the magnet, in ordor that any whioh might fall from it should not alter lire 
weight. Tho filings, having boon weighed, are sot light to by applying the flame id a 
candle; they easily take fire, and go on burning by themselves, forming rust. When tlw 
combustion is endod, it will bo clear that tho iron has increased in weight; faun parts 
by weight of iron filings takon, there are obtainod, by complete combustion, parts by 
weight of rust. 
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law of the indestructibility of matter that aa the iron increases in 
weight in its conversion into rust, the latter must be a more oomplex 
substance than the iron itself, and its formation is due to a reaction of 
combination. We might form an entirely wrong opinion about ib, and 
might, for instance, consider rust to be a simpler substanoo than iron, 
and explain the formation of rust as the removal of something from 
the iron. Such, indood, was tho general opinion prior to Lavoisior, 
when it was hold that iron contained a oortain unknown substance 
oalled 1 phlogiston,' and that rust was iron deprived of this supposed 
substanoo. 

2. Oppper carbonate (in the form of a powder, or os the well-known 
green mineral called ‘malachite,’ which is used for. making ornaments, 
or as an ore for the extraction of copper) changes into a black sub- 
stanoe oalled ‘oopper oxide' when heated to redness, 14 This black 
substance is Also obtained by heating oopper to redness in air — that is, 
it is tho scoria or oxidation produot of oopper. The weight of the 
blaok oxide of copper loft is less than that of the oopper carbonate 
originally takon, and thoreforo we oonsidor the roaotion which occurred 
to have boon one of decomposition, and that by it something was sepa- 
rated from tho green oopper oarbonate, and, in fact, by closing tho orifico 
of tho vessel in which tho copper carbonate is heated with a well- 
fitting cork, through which a gas delivery tube lfl passe® whose end is 
immersed undor water, it will be observed that dn heating, a gas is 
formed which bubbles through the water. This gas can be easily 
collected, os will presently bo described, and it will be found to esson- 

M For the purpose of experiment, it ia moat convenient to take copper carbonate, 
which may be prepared by the experimenter himself, by adding a eolation erf sodium ear- 
bcttuvto to a solution of copper sulphate. The precipitate (deposit) so formed is collected 
on a filter, washed, and dried. The decomposition of oopper carbonate into copper oxide 
to ‘effected by so moderate a heat that it may be performed in a glass vessel heated by a 
lamp. For this purpose a thin glass tube, closed nt one end, and called a ‘ tost tube.* 
may bo employed, or ol»o a vessel called a 1 retort.’ The experiment ia carried on, aa 
described in example three on p~ll, by collecting the carbonic anhydride over water, 
as will be afterwards explained. 

» 6 Gas delivery lubes are usually made erf glass tubing of various diameters and thick* 
newts If of email diameter and khi&kuetw, a glass tube is easily bent by heating in a gas 
jet or tho flame of a spirit lamp, and It may also be earily divided at a given point by making 
a dwp soratcb with a file and then breaking the tube at this point with a sharp jerk, 
These properties, together with their impermeability, transparency, hardness, and regu- 
larity of bore, render glass tubes meet awful In experiments with g&e#». Naturally they 
might bo replaced by straws, india-rubber, metalUe, or other tubes, but these are marc 
difficult to fix on to a vessel, anti are not entirely impervious to A glass gaa 

delivery tube may bo hennfrtieally fixed into ft vessel by fitting it into a perforated eorit, 
which should be soft and free from flaws, and fixing the cork into tho orifice of tins' 
vassal To protect the cork from the aotiou of gases it is sometimee previously soaked 
id paraffin, or it may be replaced by an india-rubber cork 
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tially differ frotn air in many respeotfl j for instance, a burning taper 
is extinguished in. it as if it had boon plunged into water. If weighing 
had not proved to us that somo substance had boon separated, the 
formation of the gas might easily have osoapod our notice, for it ia 



PiO. 1.— Apparatus for tho decomposition ot red mercury oxU& 


colourless and transparent like air, and is therefore evolved without 
any striking feature. The carbonio anhydride ovol vtkl may be weighed, 18 
and it will be seen that the sum of the weights of the black copper 
oxide and carbonio anhydride is oqual to the weight of the copper 
carbonate 1T originally taken, and thus by carefully following out the 

,a Gases, liljo all other substanoos, may bo weighed, but, owing to Uioir extreme light- 
'ness and tho difficulty ol dealing with thorn in. largo manses, they nan only b<» wsighsd 
by vary sonsitivo balanoOB; that in, in ttuoh ua, with a cornu'di'rabbi bind, indicate a vury 
small difference in weight— (or oxamplo, a centigram mr a milligram with a !.•».! <•( 1 ,»h«> 
grama In order to weigh a gas, a glass globe furnished with a tight-fitting step e.«’k Is 
first of all exhausted of air by an air-pump (a Spraugel pump Is tho boot). Tim step- 
cook is then olosod, and tho crh&uBted globe weighed. If Urn gas k> fw wwighnd I* Item 
let into pie .globe, its Weight can bo determined from the Inortwuw in Urn weight the 
globo ; It is necessary, however, that thwtemperaturti and p mantra of Urn air »l«.ui tte> 
balance should remain constant for both weighings, as tho weight of tin* gtelw in air «ni! 
(according to tho laws of hydrostatics) vary with its density Tho volume tho w»r duo 
placed, and its weight, mast therefore bo determined by observing Uni tomperaiurA 
density, and moisture of tho atmosphere during the time of experiment This will 
bo partly explained later, but may be studied more in detail by physics, Owing to the 
complexity of all these operations, the mass of a gas is usually d«teriuiti«4 from ju 
volume and density, or from tho weight of a known volume, 

17 The copper carbonato Bhould bo dried before weighing, m udv*rwU«---bwt<te<s 
copper oxide and carbonio anhydride— water will be obtained in the deootapcWUutt. 
Water forms a part of tho composition of malachite, and has therefor# to U tetem into 
consideration. Tho water produood in the decomposition may l«t all eollwted by AU«*te 
frig it in eulphurio acid or calcium ohlorido, an will bo described farther <m. In wdar to 
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various stages of all chemical reactions we arrive at a confirmation of 
the law of tho indoatruotibility of matter. 

3. Bed mercury oxide (which is formed as mercury rust by heating 
mercury in air) is decomposed' like oopper carbonate (only by heating 
more slowly and at a somewhat highor temperature), with the formation 
of the peculiar gas, oxygon. For this purpose tho moroury oxide is 
placed in a glass tube or retort, 18 to which a gas delivery tube is 
attaohod by means of a cork. This tube is bent downwards, as shown 
in tho drawing (Fig. 1). Tho open end of the gas delivery tube is im- 
mersed In a vessel filled with water, called a pnoumatio trough. 1 ® When 

dry a salt it must bo hooted at about 100° until its weight remains constant, or bo plaood 
under an air pump over aalphurio add, as will also ho presently described. As water io 
met with almost everywhere, and as it U absorbed by many substances, tho possibility 
of Its presence should never be lost eight of. 

19 As the decomposition of red oxide of mercury requires so high a temperature, near 
redness, os to soften ordinary glass, itgte necessary for this experiment to take a retort 
(or test tube) made of bard glass, which la able to stand high temperatures without 
softening. For the same reason, the lamp used must give a strong heat and a large 
flame, capable of embracing tho whole bottom of the retort, which should be aa small as 
possible for the convenience of the experiment. 

10 Tho pnoumatio trough may naturally be made of any material (china, earthenware, 
or metal, &e.), hut usually a glass one, aa shown In tho drawing, Is used, ae It allows the 
progress of the experiment to be better observed. For this reason, as well as the ease 
with which they are kept clean, and from tho foot also that glow is not acted on by many 



Pm. Appamwi for dlatUNng under a fttaJnWwd prr««m> liquid* wMah dteweps®® ss ttuty 
twitbiB paint* under tb* tehuwy prewum, Ttw apparatus In wnlah tlw Uqeid ta disUlkd U eon. 
ttestei with a te#u« gtew from which the (dr is pooped «»*i the ItyaM W boated, sad the wewe* 

substances which afloat other materials {for tnotanco, metals), glows vowel# of all kbd»— 
each m retort#, teal tubes, eyUndwe, beokoni, ikeka, glolsHt, die.— ore preferred la any 
Other for oheralool expariroanta. Ola## vowels may bo battel without any danger if the 
following promotions lw obwrred : 1st, they ab»ol4 ha made of thin gtasa, a# otherwise 
they arts liable to crack from the bad boateoodoeUng power of ghtM 5 Bod, they should be 
eurrounded by a liquid or with sand {Fig. 8), or sand bath an it is called } or else shoald 
stand in a eumntef hot gaaee without touching the fool Iron which they pceeed, m to 
the feme of a a t aolwtew lamp. A ammoa tmulu or lamp tew a Segmi ! t of m& m a 



12 


PRINCIPLE9 OP CHBMISTR'y 



the gas begins to be evolved in the retort it is obliged, having no other 
outlet, to escape through the gas delivery tube into tho water in the 
pneumatic trough, and therefore its evolution will bo rendered vinible 
by the bubbles coming from this tubo. In boating the retort containing 
the mercury oxide, the air contained in the apparatus is first partly 
expelled, owing to its expansion by heat, and then tho peculiar gaa 
called * oxygen ' is evolved, and may be easily collected tin it count# oil. 
For this purpose a vessel (an ordinary cylinder, as in tho drawing) in 
filled quite full with water and its mouth closed ; it in then inverted 
and placed in this position under tho water in tho trough tho mouth 
is then opened. Tho cylinder will remain full of water— that in, tho 
water will remain at a higher lovol in it than in the surrounding vowel, 
owing to the atmospheric pressure. The atmosphere presses on tho 
surface of the water in tho trough, and prevents the water from flow- 
ing out of the cylinder. Tho mouth of tho cylinder ia placed over the 
end of the gas delivery tube , 10 and tho bubbles issuing from it will rfo* 
into tho cylinder and displace the water contained in it. Gm»« are 
generally collected in this manner When a sufficient quantity of gas 
has accumulated in the oylinder it can be clearly flhowu that it la not 
air, but another gas whioh is distinguished by its capacity for vigorously 
supporting combustion In order to show this, the cylinder is cloned, 
under water, and removed from tho bath , its mouth in then turned up- 
wards, and a smouldering toper plunged into it. As it well known, » 
smouldering taper will be extinguished in air, but in the gaa which 
is given off from red moroury oxido it burns clearly and vigorously, 
showing the property possessed by this gas for supporting combustion 
more energetically than air, and thus enabling it to b© distinguish*! 
from the latter. It may be observed in this experiment that, besides 
the formation of oxygou, metallic mercury is formed, whioh, volatilising 
at the high temperature required for tho reaction, oondotums on tho 
cooler parts of the retort os a mirror or in globules. Thu* two «ub» 

cold object placed in their flame#, Tho soot Interferes with the of heat, w*d 

so a glass vessel when covered with soot often cracks. And for tide reason spirit hunpa, 
which burn with a smokeless flame, or gas burner# of a peculiar eomttwoUon, are «**«& 
In the Bunsen burner the gas is mixed with air, and burn# with a mm-tamtaMO* and 
smokeless flame, On tho other hand, if an ordinary lamp (petroleum at Isaak*#) Amm 
not smoke it may bo used for heating a glass vessel without danger, provided ilwt glMn t# 
placed well above the flame in the current of hot gases. In all eons#, lh» heating 
be begun very carefully by raising the temperature by degree#. 

,u In order to avoid the necessity of holding the cylinder, its open end is* wtAstwul (*wt 
also ground so that it may bo olosely covered with a ground.gto plate when nmmmtyfc 
and placed on a stand below tho level of tho water Ur the bath. This stand i# wM * the 
bridge.’ It has several circular openings out through It, and the put Ml wy tub# f» 
placed under one of these, and the cylinder for collecting the put am it. 
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stances, mercury and oxygen, are obtained by heating red mereury 
oxide. In this reaction, from one substance, two new substanoes are 
produced — that is, a decomposition has taken place. The means of 
collecting and investigating gases were known before Lavoisier’s time, 
but he first showed the real part they played in the processes of many 
chemical changes which before his era were either wrongly understood 
(as will be afterwards explained) or were not explained at all, but only 
observed in their superficial aspects. This experiment on red mercury 
oxide has a special significance in the history of chemistry contempo- 
rary with Lavoisier, because the oxygen gas which is here evolved is 
contained in the atmosphere, and plays a most important part in 
nature, especially in the respiration of animals, in combustion in air, 
and in the formation of rusts or sooriaa (earths, as they were then 
called) from metals — that is, of earthy substances, like the ores from 
which metals are extracted. 

4. In order to illustrate by experiment one more example of 
chemical change and the application of the law of the indestructibility 
of matter, we will consider the reaction between common table salt 
and lunar caustio, which is well known from its use in cauterising 
wounds By taking a clear solution of each and mixing them together, 
tt will at once be observed that a solid white substance is formed, 
which settles to the bottom of the vessel, and is insoluble in water. 
This substance may be separated from the solution by filtering , it is 
then found to be an entirely different substance from either of those 
taken originally in the solutions. This •$9' at onoe evident from the 
fact that it does not dissolve in water On evaporating the liquid 
which passed through the filter, it will be found to oontain a new sub- 
stance unlike either table salt or lunar caustic, but, like them, soluble 
in water Thus table salt and lunar oaustio, two substanoes soluble in 
water, produced, by their mutual chemical action, two new substanoes, 
one insoluble in water, and the other remaining in solution. Here, 
from two substances, two others are obtained, consequently there 
occurred a reaction of substitution. The water served only to convert 
the re-acting substances into a liquid and mobile state. If the lunar 
caustic and salt be dried 81 and weighed," and if about 68 j grams 3,8 of 

n Drying is necessary in order to remove any water which may be held in the salts 
(Me Note 17, and Chapter I, Notes 18 and 14). 

91 The exact weights of the re-acting and resulting substanoes are determined with the 
greatest difficulty, not only from the possible inexactitude of the balanoe (every weighing 
Is only correct within the limits of the sensitiveness of the balanoe) and weights used 
In . 1 weighing, not only from the difficulty in makin g corrections for the weight of air dis- 
placed by the vessels holding the substanoes weighed and by the weights themselves, 
but also from the hygroscopic nature of many substanoes (and vessels) causing absorption 
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«alt and 170 grams of lunar caustic bo taken, then 143§ grams ©f In- 
soluble silver chloride and 85 grams of sodium nitrate will b© obtained. 
The sum of the weights of tho ro-octing and resultant substance® are 
seen to be similar and equal to 228| grams, which necessarily foMowa 
from the law of tho indestructibility of matter 

Accepting the truth of the above law, tho question naturally arfet* 
as to whether there is any limit to tho various chemical transform* 
tions, or are they unrestricted in number— -that is to say, is it possible 
from a given substanoo to obtain an equivalent quantity of any other 
substance ? In other words, does there exist a perpetual and infinite 
oh'ango of one kind of material into every other kind, or i* tho eyele 
of'theso transformations limited 1 This is the second ©aaentlal problem 
of Chemistry, a question of quality of matter, and one, it is evident, 
which is more complicated than tho question of quantity It oumofc 
bo solved by a more superficial glance at the subject Indeed, on 
seeing how all tho varied forms and cdloura of plants are built up from 
air and the elements of tho soil, and how metallic iron can be traatt* 
formed into colours such as inks and Prussian blue, wo might be led 
to think that there is no end to the qualitative changes to which 
matter is susceptible But, on the other hand, the experiences of 
everyday life compel us to acknowledge that food cannot be made out 
of a stone, or gold out of copper Thus a definite answer «m only be 
looked for in a close and diligent study of the subject, and the problem 
has been resolved in different way at different times In ancient Umss 
the opinion most generally held was that everything visible vm com* 
posed of four elements— Air, Water, Earth, and Fire The origin of 
this doctrine can bo traced far back into tho confines of Aria, whence 
it was handod down to tho Grooks, and most fully expounded by 
Empedocles, who lived boforo 460 ao This doctrine won not the 
result of exact research, but apparently owl's its origin to tho clour 
division of bodies into gases (like air), liquids (like water), and solid* 
(like the earth), The Arabs appear to have been tin* fir, it who 
attempted to solve the question by experimental methixls, and they 
introduced, through Spain, tho taste for tho study of similar problems 
into Europe, where from that time then* appear many adept* in 
chemistry, whioh was considered os an unholy art, and called *»l 
chemy.' As the alchemists were ignorant of any exact law which 

of moisture from tho atmosphere, cum! from the difficulty i» not bgtag Myaf tf*. w UtaM« 
to be weighed in the several operations (filtering, ampwottef, ami drying, *# i which 
have to be performed before arriving at a final merit, fill tin/*, rimawrtaswM fate* 
bo takon into consideration in exact researehw, and their v«fy « m ry 

epeciol precautions whioh are impraeticabki in preliminary 
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could guide them in their researches, they obtained most anomalous 
results. Their chief service to chemistry was that thoy made a 
number of experiments, and discovered many new chemical trans- 
formations , but it is Well known how they solved the fundamental 
problem of ohomistry. Their view may be taken os a positive acknow- 
ledgment of the infinite transmutability of matter, for they aimod at 
discovering the Philosopher’s Stono, oapablo of converting everything 
into gold and diamonds, and of making tho old young again. This 
solution of the question was afterwards completely overthrown, but it 
must not, for this reason, be thought that the hopes held by the 
alchemists were only tho fruit of their imaginations. The first 
chemical experiments might well lead them to their conclusions. They 
took, for imtanoo, the bright metallic mineral galena, and extracted 
metallic lead from it. Thus they saw that from a metallic substance 
which is unfitted for use they could obtain another metallic subetanoo 
which is ductile and valuable for many technical purposes. Further- 
more, thoy took this lead and obtained silver, a still more valuable 
metal, from it. Thus thoy might oasily conclude that it was possible 
to onnohlo metals by moans of a wholo sorios of transmutations — that 
is to say, to obtain from them those which are rnoro and more precious. 
Having gob silver from lead, they assumed that it would be possible to 
obtain gold from silver The mistake thoy made was that they never 
weighed or measured the substances used or produced in their experi- 
ments. Hod they done so, they would have learnt that tho weight of 
the load was much lees than that- of tho galena from which it was 
obtained, and the weight of the silver infinitesimal compared with that 
of tho lead. Had they looked more closely into the process of tho ex- 
traction of the silver from lead (and silver at the present time is chiefly 
obtained from the lead ores) they would hove seen that tb© lead does 
not change- into silver, but that it only contains a certain small quan- 
tity of it, and this amount having once been separated from tho lead 
it cannot by any further operation givo more. Tho silver which the 
alchemists extracted from tho lend was in the lend, and was not ob- 
tained by a chemical change of tho lead itself. This is now well known 
from experiment, but the first view of tho nature of the process was 
very likely to bo an erroneous one . 53 Tho methods of research adopted 

** Ikaidoa wh|fth, la the majority of ewtos, the first explanation of moat anfejeota which 
flo not repeat Uiarasolvca in everyday experience under various aejowt#, bet always In one 
form, nr wily at intervals awl infrequently, ia usually wrong. Thus tho daily evldwto# 
of Win rising of tin* sun and ntar« evokes the erroneous idea that tho heavens move and 
the earth stands still. Thin apparent truth ia far from being the rml truth, and, m a 
matter ©f font, Is eontradbtory to it. Similarly, an ordinary mind and everyday ©xperi- 
mm eondudea that iron ia Inoombuailbla, whereas it buroa not only as filings, but mm 
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by the alchemists could give but little success, fot they did not sot thin}* 
selves dear and simple questions whoso answers would aid them to make 
further progress. Thus though they did not arrive at any exact kw, 
they loft nevertheless numerous and useful experimental data m m 
inheritance to chemistry ; they investigated, in particular, the trans- 
formations proper to metals, and for this reason chemistry was for 
long afterwards entirely oonfined to the study of metallic m'Sttaneea. 

In their researches, the alchemists frequently made uao of two 
chemical processes which are now termed 4 reduction 1 and 4 oxidation.* 
The rusting of motals, and in general their conversion from a metallic 
into an earthy form, is callod 4 oxidation, * whilst the extraction of a 
metal from an earthy substance is callod ‘ redaction.* Many metak— 
for instanoe, iron, lead, and tin— are oxidised by hating In air alone, 
and may be again reduced by heating with carbon. Such oxidkdl 
motals are found in the earth, and form the majority of metallic o*m 
The metals, suoh as tin, iron, and copper, may be extracted from theta 
ores by heating them together with carbon. AH them proeaaaw worn 
well studied by the alchemists. It was afterwards shown that all 
earths and minerals are formed of similar metallic rusts or oxides, or 
of their combinations. Thus the alchemists knew of two forms of 
chemical changes : the oxidation of motals and the reduction of the 
oxides so formed into metals. The explanation of the nature of these 
two classes of ohemical phenomena was the means for the discovery 
of the most important ohemical laws. The first hypothesis on Ml 
nature is due to Becker, and more particularly to Stahl, a tttrfeen 
to the King of Prussia. Stahl writes In bis ‘Pundamenta Chymks,* 
1723, that all substanoea consist of an imponderable fiery substanea 
called 4 phlogiston * (materia aut prinoipiuxn ignis non ipse ignis), and of 
another element having particular properties for oaoh substance. The 
greater the capacity of a body for oxidation, or the mom combustible 
It is, the richer it is in phlogiston. Carbon contains it in great 
abundance. In oxidation or combustion phlogiston It omitted, and in 
reduction it is consumed or enters into eombdnattes. Carbon redoon* 
earthy substances because it is rich in phlogiston, ami gives up » 

oa wtro, as we shall afterwards eee. With the progiefni of taKmtodp wary many prtmitiv# 
prejudices have b eon obliged to give way to tree Ideas wbioh txavrt hstm wtfiM fey 
experiment. la ordliuury life we often reason at first rtghl with prntm tretfe, mtif 
because we are taught a right lodgment by our dally vxpmtetm, It k a tmmmrf 
eonseqooaoo of tho nature of our minds to nesoh tbo attstesMt ©I truth 4&, 

mentary and often erronoouo reasoning and through <tsEperta«nt, mA It w ouH U> my 
wrong to expect a knowledge of troth from a uteris mental e8.«i, VetmOpt «Juwrt»a«nt 
itself c&tmot give troth, bat it gives tbs moans of destroying 
whilst confirming those which are true in all thebr ooueeqae»fcw*. 
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portion of its phlogiston to the substance reduced. Thus Stahl supposed 
metals to bo compound substances consisting of phlogiston and an 
earthy substance or oxide. This hypothesis is distinguished for its 
very great simplicity, and for this and other reasons it acquired many 
supporters. 84 

Lavoisier proved by moans of the balance that every case of rusting 
of metals or oxidation, or of combustion, is accompaniod by an increase 
in weight at the oxpenso of the atmosphere. Ho formed, therefore, 
tho natural opinion that the heavier substance is more oomplex than 
the lightor one. 80 Lavoisier's celebrated experiment, made in 1774, 

w II is truo that. Stahl woo acquainted* with a faot which directly disproved his 
hypothetic. It was already known (from tho experiments of Oelxjr, and more especially 
of Bay, In 1080) that metals increase in weight by oxidation, whilst, according to Stahl’s 
hypothesis, they should decrease in weight, because phlogiston is separated by oxidation 
Staid speaks cm tills point as follows 1 1 am well aware that metals, in their transforma- 
tion into earths, increase In Weight. But not oniy does this fact not disprove my theory, 
but, on the contrary, confirms it, for phlogiston is lighter than air, and, in combining 
with substances, striven to lift them, and so decreases their weight j consequently, a 
substance which has lust phlogiston must bo heavier.' This argument, it will be seen, is 
founded on a mlsoonooptlon of the properties of gums, regarding them as having no weight, 
and a# not being attracted by the earth, or else on a confused idea of phlogiston itself, 
since it was first defined a« imponderable/ Tho conception of imponderable phlogiston 
tallies well with the habit and methods of the lest century, when recourse was often had 
to imponderable fluids far explaining a large number of phenomena. Heat, light, mag. 
netism, and electricity were explained as being peculiar imponderable fluids. In this 
sense tine doctrine of Btahi corresponds entirely with the spirit of his age. If heat be 
now regarded au motion or energy, then phlogiston also should be considered In this 
light. In fact, In combustion, of coals for instance, beat and energy are evulvod, and 
not combined In the coal, although the oxygen and coal do combine. Consequently,, the 
doctrine of Staid contains the oesenoe of a true representation of the evolution of energy, 
but naturally this evolution in only a consequence of the combination occurring between 
the coal and oxygen. As regards the history of chemistry prior to Lavoisier, besides 
etahl> work (to which reference ha# been made above), Priestley's Empmmmk and 
Obmrmtkm on Different Mind* of Air, London, 171*0, and also Seheele's Qpumda 
OMmiea «t Phytlca, Ltpe., 17W-W, % volm must be recommended as the two leading 
works of tiie English and Scandinavian chemists showing the condition of chemical 
learning before tho propagation of Lavoisier's views, and containing also many important 
observations which lie at the hoal# of the ehemlstry of our times. A most interesting 
memoir on the history of phlogiston ia tivat of Ilodwell, in the Vhihuophienl Mtujttsine, 
ltifttl, in which it is shown that the Idea of phlogiston dates very far hack, tlut Basil 
Valentine '(lOUI-MlB), In the Owrrws Triwmphrttis dnfimonff, I'araeclsus (UUB-lfUl), 
in his work, Be litmim Nntura, (llauber (IWH-lftW), and especially John Joachim Lecher 
(1 095-1 (W9), in his Physka Bnbtermmn, aU referred to phlogiston, but under different 
names. 

M An Englishman, named Msytiw, who lived a whole century before Lavoisier (to 
l(M), understood certain phenomena of oxidation In tiwir true aspect, but was net able 
to develop his view with clearness, or support tiuun by conclusive experiments i he 
can not therefore be considered, like Lavoisier, as the founder of contemporary chemical 
learning. Science Is a universal heritage, and therefore it l# only just to give the highest 
honour to science, not to those w)u> first enunciate a certain truth, but to those who are 
first able to convince others of its authenticity and establish it fer the general welfare. 
But scientific discoveries ore rarely w&de aU at oeeej aea rule, the find teacher* do nut 


18 PRINCIPLES OF CHEMISTRY 

gave indubitable support to bis opinion, which In many respect® wm 
contradictory to Stahl's doctrine. Lavoisier poured four ounce® of pun® 
meroury into a glass retort (fig. 3), whoso neck was bent m shown in 
the drawing and dipped into the vessel n % also full of meroury. The 
projecting end of the neck was covered with a glass bell-jar s\ The 
weight of all the meroury taken, and th® volume of Or remaining in 
the apparatus, namely, that in the upper portion of t ho retort, and 
under the bell-jar, were determined before beginning the experiment. 
It was most important in this experiment to know the volume erf air 
in order to learn what part it played In the oxidation of the mercury, 
’because, acoording to Stahl, phlogiston is omitted Into the air, whikt> 
according to Lavoisier, the meroury in oxidising abaorb# a portion of 
the air ; and consequently it was absolutely necessary to determine 
whether the amount of air increased .or d wowed in the oxidation of 
the metal. It was, therefore, most Important to measure the vote* 



of the air in the apparatus both before and after the experiment, Par 
this purpose it was necessary to know the total capacity of the rvtorfe, 
the volume of tho morcury poured into it, the volume of thn tw*ll Jar 
abovo tho level of the morcury, and also Urn tempemturo and pivaauiw 
of the air at the time of lbs measurement. Tbs volume of air «»•* 
tained to the apparatus and Isolated from the surrounding atmrwpbn* 
could be determined from these data. Having arrange d hk apparatus* 
In this manner, Lavoisier heated the retort holding tho mercury for a 
period of twelve days at a temperature near the boiling point of 
mercury. The mercury became covered with a quantity of turnO! red 

•ucceod in convincing other® of tho troth t feet have whh tim« w*™- & 

tow^henW. come# forward, poMewtog every fc* >k« ^ 

bet It must not boforgotfoo that saoh *ro entirely hS to fee 
c^amolrtsA^raiayothsn. Sooh «n* UwAdm, and mb *U tt» gw* 
founders of science. They are tho-ouwytriatow o t ai nest *o4 «*»»«■»* k-',«-L- .. mmA 
aocwfl will always bo tovered hy posterity, 
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scales , that Is, It was oxidised or converted into an earth. This 
substance is tbe same mercury oxide which has already been mentioned 
(example 3), After the lapse of twelve days the apparatus was oooled, 
and it was then seen that the volume of the air in the apparatus had 
diminished during the time of the experiment. This result was in 
exact contradiction to Stahl’s hypothesis. Out of 60 cubic inches of 
air originally taken, there only remained 42. Lavoisier’s experiment led 
to other equally important results. The weight of the air taken deoreased 
by os mu oh as the weight of tbe mercury increased in oxidising ; that is, 
the portion of the air was not destroyed, but only combined with mercury. 
This portion of the air may be again separated from the mercury oxide 
and has, as we saw (example 8), properties different from those of air. 
It is called * oxygen.’ That portion of the air which remained in the 
apparatus and did not oombine with the mercury does not oxidise 
metals, and cannot support either combustion or respiration, so that 
a lighted taper is immediately extinguished If it be dipped into the 
gas whioh remains in the beU-jar. 4 It is extinguished in the residual 
gas as if it hod boon plunged into water,’ writes Lavoisier in his 
memoirs. This gas is called * nitrogen.' Thus air is not a simple 
substanoe, but consists of two gases, oxygen and nitrogen, and therefore 
the opinion that air is an elementary substance is erroneous. The 
oxygen of the air is absorbed in oombustion and the oxidation of 
metals, and the earths produced by the oxidation of metals are 
substances composed of oxygon and a motel. By mixing the oxygen 
with the nitrogen the same air os was originally taken La re-formed. 
It bee also been shown by dircot experiment that on reducing an 
oxide with carbon, the oxygen contained in the oxide is transferred to 
the carbon, and gives the same gas that is obtained by the combus* 
tion of carbon in air. Therefore this gas is a compound of oarhon 
and oxygen, just as the earthy oxides ore composed of motels and 
oxygon. 

Tho many examples of the formation and decomposition of sab* 
stances which are mot with convince u« that tho majority of substances 
with whioh we have to deal are compounds made up of several other 
substances. By hearing chalk (or eke copper carbonate, as in the 
second example) we obtain lime and tho same carbonic add gas whioh 
Is produced by tho oombustion of carbon. On bringing lima into 
contact with this gw and water, at tho ordinary temperature wo again 
obtain tho compound, carbonate of lime, or chalk. Therefore chalk is 
o compound. So also are those substances from whioh it may bo built 
©p. Carbonic anhydride Is formed by tho eombiaatioa of carbon and 
oxygon 1 and Umo is produced by the oxidation of a certain metal 
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i calcium.' By resolving substances in tills mamnwr Into tiitiv 
component ports, we arrive at last at snob m imp® ladlvitibl® into two 
or more substances by any moans whatever, and which cannot b« formed 
from other subatanoee, All we can do in to make such eubetimois com- 
bine together to act on other substance#, Substance* which cannot ho 
formed from or decomposed into others art termed simph mbMmrn* 
(elements). Thus all homogeneous irubstancoi may he ekatiflod. into 
simple and compound substances. This view wo* introduced and 
established os a scientific foot during the liteima of Lavoisier. The 
number of these elements is very small in comparison with the number 
of compound substances which are formed by them. At the pnaaeut 
time, only seventy elements are known with certainty to tsribi 8 ocm 
of them are very rarely met with in nature, or are. found in very small 
quantities, whilst the existence of others is still doubtful Ttm number 
of elements with whose compounds we ©ommonly deal in everyday life 
is very small. Elements cannot be transmuted into one another— at 
least up to tho present not a tingle mm of such a twtiomato hat 
been met with ; it may therefore be sold that, aa yet, it is tapaMibfe 
to transmute one metal into another. And as yet, nctwith'.tondiiig 
the number of attempts which have been made in this diriotloii, m 
foot has been discovered which could iu any way support the kfoa of 
the complexity of such well-known tiements ** m oxygon, iron, sulphur, 
&o. Therefore; from its very conception, an element is not susceptible 
ito reactions of decomposition . 87 


*® Many oi the ancient philosophers oeetunod the wsistoime of mm etomeatary fa g* of 
imattor. This idea still appears in onr times, in the constant efforts Which Mm aaAs to 
■reduoo the number of the elements t to prove, for ipakueo, that bromine 
or that ohlorine contain a oxygen. Many method a, founded both on e*p#rt®i*fi m& 
theory, have been tried to prove tho compound nature of the ol omen ta . AH taiwer to 
this direction has as yet been in vain, and the ammouice that elementary maitor Is not 
so homogeneoue (single) as the mind would desire in Its first transport ut mpM ijwrwato 
,«atlon ie strengthened from year to jew. All onr knowledge slum*# that tiw» and 
jother elements remain, even at ftueh a high temperatee as there mUU to to* *««. m 

torentally, the pdeetWityef one elementary form of matte*, a method mm% b« teagtood 
fby whioh It oonld give rise to the various elemental m also the mmtua ofHmmii at theta 
.f omation from one materiel If it be said that this diversHtato only take# pUw aft hw 
temperatures, as is observed with taomerldee, then there w*mM be twmm to muwt, It not 
the transition of the various elements Into one particular end more eteht* fans at 
the mutual transformation of some Into others. But wo t-W i rm nf the HH H tt m V*** **-— - 

th0 dohemiiVs hope to manufacture (ee Borthottoft puts It) «kmm to km m 
theoreHoal or practical foundation, 

if weakest point in the idea of element* is the negative -hn m irt tr el the 

native eigne given them by Lavolriw, and from that time mite# to toatto. Tkm «§# 

^mtS’fST’tSLlti no ^?“‘ cg8 , ir ' t<> u ° n0 - imQm ' Ba * ft mm U nMiWtot 

eiem tmta form the limiting hortaon of our knowledge of matter, and it to aiwav* ***** ta 
determine a positive side on the borderland of whltis known, EtaskW, tbm to m doabl 
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The quantity, therefore, of each element remains constant in all 
chemical ohangee : a faot whioh may be deduoed as a oonaequenoe of 
tho law of the indestruotibility of matter, and of the conception of 
elements themselves. Thus the equation expressing the law of the 
indestruotibility of matter acquires a new and still more important 
signification. If wo know tho quantities of tljo dements which ocour 
In the ro*aoting substances, and if from thoso substances thoro proceed, 
by moans of ohomioal changes, a series of new oompound substances, 
then tho latter will together contain tho same quantity of oaoh of 
the dements as there originally oxiated in the re- acting substances. 
The ossenoo of chemical change is embraced in tho study of how, 
and with what substances, oaob dement is combined before and after 
ohange. 

In order to be able to express various ohomioal changes by equations, 
it has been agreed to represent oaoh element by tho first or some two 
letters of its (Latin) name. Thus, for example, oxygen is represented by 
tho lottor 0 ; nitrogen by N ; moroury (hydrargyrum) by Hg ; iron 
(ferrum) by Fe , and so on for all tho demonts, as is seen in the tables 
on pago 24. A compound substaOco is represented by plaoing the 
symbols representing tho elements of whioh it is made up side by side. 
For example, red mercury oxide is represented by IlgO, which shows 
that it is composed of oxygen and mercury. Besides this, the symbol 
of every element corresponds with a certain relative quantity of it by 
weight, called its 4 combining ‘ weight, or tho weight of an atom ; so that 
the chemical formula of a oompound substance not only designates the 
nature of tho dements of which it is composed, but also their quantita- 
tive proportion. Every chemical process may bo expressed by an 
equation composed of the foraulro corresponding with those substances 
which take part in it and are produced by it The amount by weight 
of the dements in every oh ration] equation must be equal on both sides 
of tho equation, since no element is dither formed or destroyed in a 
ohomioal change. 

On pages 24, 25, and 20 a list of tho elements, with their symbols 
and combining or atomic weights, is given, and wo shall «eo afterwards 
on what basis the atomic weight® of dements are determined. At 
present we will only point out that a oompound containing the dements 
A and B i« designated by the formula An Bm., whore m and « are tho 
ooefRdent® or multiples to which the combining weights of the 
element® enter into the comjoeltioo of the substance. If we represent 

(tram hut rmrulta of wpeetnua wudyais.) that the ere dkarUmtetl a§ far m the 

«KH»t ilii-Uuit ftter®, that they wjppoet the highest atteineh le ksteyewUejeo without 
Cticonspocii^. 
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the combining weight of the trabetanoe A by a wad that of the 
eubstanoe B by b, then the composition of the subitems# An R m will 
be expressed thus : it contains na parts by weight of the substance A 
and mb parts by weight of the substance B, and consequently 1 00 pwta 

of our oooi pound contain percentage parts by weight of the 

substance A and of the substance B. It is evident that as 

na d-md 

a formula shows the relative amounts of all the elements contained 
in a compound, the actual weights of the elements contained in a gtvto 
weight of a oompound may be calculated from its formula. For example, 
the formula NaOl of table salt show* (as Na«»2S and d**Sfi-6) 
that 68*5 lbs. of salt contain 23 lbe. of sodium and 38*5 lbs. of chlorine, 
and that 100 ports of it contain 39*3 per cent of sodium and 60*7 per 
cent, of chlorine. 

What has been said above clearly limits the province of chemical 
changes, because from substances of a given hind there an be obtained 
only such os contain the same elements, Bvan with this limitation, 
however, the number of possible combinations Is infinitely great. Only 
a comparatively small number of compounds have yet been described 
or subjected to research, and any one working In this, direction may 
easily discover new compounds which had not before boon obtained. 
It cjten happens, however, that such newly*diibovtred compound® 
were foreseen by chemistry, whose object is the apprehension of that 
uniformity whioh rules oyer the multitude of compound subatanwa, 
and whose aim is the comprehension of those laws which govern their 
formation and properties. The conception of elements having boon 
established, the next objects of ohomietry were : the d ® termination of 
the properties of compound substances on the basis of the determination 
of the quantity and kind of elements of whioh they are composed ; the 
investigation of the elements themselves j the determination of what 
oompound substances cum be formed from each element and the 
properties which the*© compounds show j and the apprehension of the 
nature of the connection between the elements in different compound*. 
An element thus serves as the starting point, and is taken as the 
primaiy conception on which all other substance* are huHt up. 

When we state that a certain element enters into the omnpoeitkin 
iif & given oompound (when we say, for instance, that mercury oxide 
contains oxygen) we do not mean that it contains oxygen as a 
substance, but only desire to express those bransfonuatlons which 
mercury oxide is capable of making j that is, we wish to say that ft Is 
possible to obtain oxygen from mercury oxido, and that it can give 
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ttp oxygen to various other substances ; in a word, wo desire only to 
express those transformations of which mercury oxide is capable. Or, 
more concisely, it may bo said that the cornpcmlion of a oompound is 
the expression of those transformations of which it is capable It is 
useful in this sense to make a clear distinction between tho conception 
of an element as a wpevrate homogeneous substance, and os a mat&rial 
but invisible part of a compound. Mercury oxide does not contain 
two simple bodies, a gas and a metal, but two elements, mercury and 
oxygon, which, when free, are a gas and a metal Neither mercury m 
a metal nor oxygen as a gas is contained in mercury oxide ; lb only 
contains the substance of these elements, just as steam only contains 
the substance of ioo, but not ioo itself, or as com contains the substance 
of the seed, but not the seed itself. The existence of on element may 
be recognised without knowing it in the unoombined state, but only 
from an investigation of its combinations, and from the knowledge that 
it gives, under all possible conditions, substances which are unlike 
other known combinations of substances. Fluorine is an example of 
this bind. It was for a long timo unknown in a free state, and 
nevertheless was recognised oa an element because it» combinations 
with other elements were known, and their difference from all other 
similar compound substances was determined. In order to grasp the 
difference between tho conception of the visible form of an element as 
we know it in tho free state, and of tho intrinsic clement (or 1 radicle,’ 
as Lavoisier called it) contained in the visible form, it should be 
remarked that oompound substances also combine together forming yet 
more complex compounds, and that they evolve beat in the process of 
combination. The original oompound may often be extracted from 
these new compounds by exactly the same methods m elements are 
extracted from their corresponding combinations. Beakles, many 
elements exist under various visible forms whilst the intrinsic element 
contained in these various forms is something which is not subject to 
change. Thus carbon appears as uliarooal, graphite, and diamond, but 
yet the element carbon alone, contained in each, is one and the same 
Carbonic anhydride contains carbon, and not charcoal, or graphite, or 
the diamond. 

Elements alone, although not all of them, have tho peculiar lustre, 
opacity, malleability, and tho great boat and electrical conductivity 
which are projsar to metals and their mutual oombtoatirm But 
dementis are far from all lining nwkdn, Those which do not, {k«wss 
tho physical projKjrtiea of metals are called ntm^metah (or metal UntUt), 
It hi, however, impossible to draw a strict hire of thmjorcation between 
metals and nan-motohi, there being many intermediary «ubttt&oo«i. 
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Thus graphite, from which pencils arc mimufactured, to m tAmmx I 
with the lustre and other properties of a metal ; hut charcoal and th# 
diamond, whioh are composed of th® same substance m gmphlt#, do 
not show any metallio propertieo. Both clause# of demon te art dandy 
distinguished in definite examples, but In particular cmm th# distine> 
tion is not olear and cannot sem m a bads for th© exact division of 
the elements into two groups. 

The oonoeption of elements forme th® bade of ohemicsJi knowledge, 
and in giving a list of thorn at th© very beginning of our work, w« 
wish to tabulate our present knowledge on the aubjeet. Altogether 
about seventy elements are now authentically known, but many of 
them are so rarely met with in nature, wad have been obtained in such 
small quantities, that wo possess but a very insuf&otant knowledge of 
them. The substance® most widely distributed in nature contain a 
very small number of element®. Them dement® have been worn 
completely studied than the others, because a gimtor number of 
investigators have been able to carry on experiment® and otwirmbkNM 
on them. The element® moot widely distributed in nature are >— 

Hydrogen, H«1 In water, and in animal and vegtteUe 
organism®. 

Oorbon, 0 »12. In organisms, end, Uraeeteoet, 

Nitrogen, N *14. In air and in organisms. 

Oxygen, 0 *10. In air, water, earth. It fnriM the g renter 
part of the mass of th© earth. 

Sodium, Nan* 23, In common salt and in many mineral®. 

Magnesium, Mgm 24, In sea- water and in many mlnetnhte 

Aluminium, Al«s27 In mineral® and day, 

Bilioon, Si *28, In sand, minerals, and day. 

Phosphorus, P *81. In bones, ashes of plants, and soft. 

Sulphur, 8 *32. In pyrites, gypsum, and in 

Chlorine, 01 sb 35*5. In common salt, and in the a*lf© nf wm* 

Potassium, K *»S9. In minerals, ashes of plant®, and in nitm 
0Mm t Ca *40, In limestone®, gypsum, and in organism 
Iron, Fe «66. In tee earth, iron ©res, and in argMunma, 
Besides these, the following dements, although not vary iargdy 
distributed in nature, are all more or less well known from f-hfir 
application® to the requirement® of everyday lift or the arte, d% bar in 
a free state or in their compounds t«*~ 

Lithium, Li *7. In medicine (Li, 00 
Boron, Ball As borax, B,N*,O r , 


•A «d in jteotepaphy (Li»r), 
and a® boric anhydride BtO|» 
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Fluorine, F **19. As fluor spar, CaP 3 , and os hydrofluoric 
acid, HF 

Chromium, Cr =52. As chromic anhydride, Cr0 3 , and poteft* 
sium dichromate, K 2 Cr 2 0 7 . 

Manganese, Mn=55 As manganese peroxide, Mn0 2 , and po«* 
tassium permanganate, MnK0 4 
Cobalt, Co =59*5 In smalt and blue glass. 

Nickel, Ni =59-5 For electro-plating other metals. 

Copper, Cu =63. The well-known red metal. 

Zinc, Zn =65. Used for the plates of batteries, roofing, dm. 
Arsenic, As =75. White arsenic (poison), As 2 0 3 . 

Bromine, Br=80 A brown volatile liquid, sodium bromide^ 
NaBr. 

Strontium, Sr =87. In coloured fires (SrN 2 0 6 ). 

Silver, Ag=109. The well-known white metal. 

Cadmium, Cd= 11 2. In alloys. Yellow paint (CdS). 

Tin, Sn=119. The well-known metal. 

Antimony, Sb=120. In alloys such as type metal. 

Iodine, I =127. In medicine and photography , free, and as 
KI. 

Barium, Ba=137. "Permanent white,” and as an adulterant 
in white lead, and in heavy spar, BaS0 4 . 

Platinum, Pt=196.\ 

Gold, Au=197. 

Mercury, Hg=200. [ WeU 'known metals. 

Lead, Pb=207.j 

Bismuth, Bi =209. In medicine and fusible alloys. 

Uranium, U =239. In green fluorescent glass 

The compounds of the following metals and semi-metals have fewer 
applications, but are well known, and are somewhat frequently met 
with in nature, although in small quantities : — 

Beryllium, Be =9. Palladium, Pd= 107. 

Titanium, Ti =48. Cerium, Ce=140. 

Vanadium, V =51. Tungsten, W=184. 

Selenium, Se =79. Osmium, Os=192. 

Zirconium, Zr =91 Iridium, Ir»193. 

Molybdenum, Mo =96. Thallium. Tl=204. 

The following rare metals are still more seldom met with in nature, 
but have been studied somewhat fully 

Soandium, Sc =44. Germanium, Ge=72. 

Gallium, Ga =70. Rubidium, Rb=86. 




Besidos these 66 deraente there have burn dUeovorwl Erhltun, 
Terbium, Samarium, Thallium, Holtaium, Maeondrium, PhilUptam, 
and several others. But their propertlc* and oumldnatitm*, owing t6 
their extreme rarity, am very little known, and toii their oxkt mm* m 
independent substances 88 k doubtful. 

It baa been incontestably proved from oUNWvatkm* m ihm opeotiw 
of the heavenly bodies that many erf the cam manor dmuent* (#u«h m 
H, No, Mg, Be) occur on the far distant stem This fast ctmiirtm the 
belief that those forms of matter which appear m th*< earth m domant* 
j are widely distributed over the entire utrfvwm But we do not yet 
.know why, in nature, the mass of soma elements should be grmtM* 
than that of others ,** w 

The capacity of each dement to combine with am or anotbor 
dement, and to form (impounds with them which on* in a §pw*t*»r or 
less degree prone to give new and yet more o»mpk*x mdwUutww, forma 
the fundamental character of each dement. Thus eulphur astaUy coco* 
bines with the metals, oxygen, chlorine, or carbon, whilst gold and 
silver enter into combinations with difficulty, and form ttnatohio own* 
pounds, which are easily decomposed by Iwut The mm» or fore© 
which induces tho dements to enter into chemical change town bo «o&* 
sidered, as also the cause which holds different mlmkmcm in combfeui* 
tion — that is, which endues the substance* formed with their particular 
degree of stability, This cause or force k§ called 

V mmiuitwKqfl)! or chemical affinity, 1 ® Eftooe this fore** must 
w Possibly seme cl their ecjBjscutule are MKfKSHi&ft at tflbm sbmrity .knows «4 wommMi 



** *od, first latrcfiuosa, If J mtmSm m, vm 
on the idea of the onoient philosophers Own 
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be regarded as exclusively an attractive force, like gravity, many 
writers (for instance, Bergmann at the end of the last, and Berthollet 
at tho beginning of this, century) supposed affinity to be essentially 
similar to the universal- force of gravity, from which it only differs in 
that the latter aots at observable distances whilst affinity only evinces 
itself at the smallest possible distances. But chemical affinity cannot 
be entirely identified with the universal attraction of gravity, which 
aots at appreciable distances and is dependent only on mass and dis- 
tance, and not on the quality of the material on which it acta, whilst 
it is by tho quality of matter that affinity is most forcibly influenced. 
Neither can it be entirely identified with cohesion, which give® to 
homogeneous solid substances their crystalline form, elasticity, hard* 
ness, duotllity, and other properties, and to liquids their surface tension, 
drop formation, oapillarity, and other properties, because affinity acta 
between the component parts of a substance and cohesion on a sub- 
stance in its homogeneity, although both act at Imperceptible distances 
(by oontaot) and have much in oomrnon. Chemical force, which makes 
one subatanoo penetrate into anothor, cannot be entirely identified with 
even those attracting forces whioh nrnko different sulwtanoea adhere to 
each other, or hold together (as when two plane-polished surfaces of 
solid substances are brought into dose oontaot), or whioh cause liquids 
to soak into solids, or adhere to their surfaces, or gases and vapours to 
condense on the surfaces of solids. These force® mutt not be con- 
founded with chemical forces, whioh cause one substance to penetrate 
Into the substance of another and to form a new substance, which is 
never the case with cohesion. But it is evident that the forces whioh 
determine cohesion form a connecting-link between mechanical and 
ohemieol forces, because they only act by intimate contact. For a 
long time, and especially during the first half of this century, chemical 
attraction and chemical forces were identified with electrical forces. 
There is certainly an intimate relation between them, for electricity is 
evolved in chemical reactions, and has also a powerful influence on 
chemical processes — for instance, compounds are dccoinjxisnd by the 
action of an electrical current. And the exactly similar relation which 
exists between chemical phenomena and the phenomena of heat (heat 
being developed by chemical phenomena, and heat Wing able to decom- 
pose compounds) only proven the unity of the forces of nature, the 
capability of one force to produce and to be transformed into other®. 
For this reason the identification of chemical force with eteetrieity will 

another ,<W vvolvwl R#4f in untujuity, and has lived until new, sMteby «.l« with the 
first, to which it m exactly contradictory ; this eoosites u««»« m dependent m 
on polar difloreneo, m m effort to fin op a want, 
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eubstanccuj which have yet been obtained and of the chomical trim®* 
formations which they undergo, but also of the phenomena (of heat and 
other kinds) by which those transformations are accompanied, it is only 
possible to enter on the study of chemical mechanics after an acquain- 

tance with the fundamental chemical conceptions and substances which 
form the subject of this book . 81 

As tho chomical changes to which aubstanetw are liable prooeed 

from internal forces proper to these substances, an chemical phenomena 

certainly consist of motions of material parte (from the laws of the 

indestructibility of matter and of elemente), and aa the invewtigatiem 
of mechanical and physical phenomena proves the law of the mdmtrue* 
tibiUty offoroM) or the conservation of energy —that i% the possibility 
of tho transformation of on© kind of motion into another (of visible 
or mcohonieal into invisible or physical)*— we are inevitably obliged to 
acknowledge the promo© in eubstanoeo (and eajKteiolly in tho element© 
of which all others are composed) of a atom of ehmtiml m&ryy or la* 
visible motion inducing them to enter into combinations, If both* 
be evolved in a reaction, it moan* that a portion of chemical energy I* 

91 I oonsldor that in an elementary textbook n{ chamtntry, like the present, It {« only 
(xmibk and adviaahta to roanUtm, La retaren&a kt ohumical mecdumtoa, a tew gt»«rs»i 
Ideas and some particular example# reterrtag mow ««|t*x»Wly to Ra»s, where mMhwt«a} 
theory roust be regarded as tho most oomptete. Tho roolwular roeduudw) <rf liquid* eu»d 
iolida La m yet in embryo, and non Ulna much that i« disputable; for this* pmmm, 
ohumieul moeHontoa has made lees progress in relation to tbeae eubetaaem. It may «*♦ 
ha imperfloooa ham to remark, with respoot to tea emteapikat id testaieal affinity, sfe*A 
«p to the present time gravity, eteehrtolty, and heal hare all been applied to lla dtMida* 
Won. Efforts hare aW been made to t« trod ure tee IttnWaiftttma ether into 
ebemtotry, and should that ooumtetloft between te« phenomena of light and <srfeetrt«ltf 
white wa« eetobUabed by Maxwell he worked out mom to detail, doahUes# there atttwrta 
to elucidate ah or a great deal by tea aid trf hualaUwoue ether will spin appear to 
theoretical ohetnistry. An independent thmiMl meehetUee of tee material patitotea rst 
matter, end of their internal (atotnte) ehaagw, would, la my opiate, arte w» tee mmU l 
of Uuhw tforte. Two hundred years mu Newton laid tee tomodatte of a My idteii&e 
theoretical mechanic# of external vtoibte motion, end on tele fouafiotem «reeted lire 
edifice of oeteatlal roeehanloa. One hundred year* ago Lacetater arrived at te*» final 
fundamental law ■,( too Internal miKihanlr# • >! inruibla particle# of matter. This imhjswsl 
ia tor from having boon dnval>ij««l Into a harmonious wind**, Iwanett it la much more 
difficult, and, although many details have been completely inveatigetod, it dotm real 
poeeoea any (Starting points Newton only ratna after Opemton# and Keytar, wh.» Had 
dltoorered empirically tins exterior simplicity «f eatostial ph*o*.w«*»a. Lavoisier »«d 
Dalton may, In respect! to Uw ehreuteai roeehanira trf tee molecular world, be rempwmad 
to Oopamkms ami Kepler. But a Newton has not y#t appeared l« the nwdenuUr trot Id; 
when he does, I think teat in* will find tee fundamental tow# *4 the meehturiMi trf tlwt 
Invisible motion* of matter m«re coolly *nri more qutakly in te»« %«ated rtreirtw* «t 
matter than In phyaksal ph«««»ea» (of electrteHy. heat, a»4 light) 5 tor tto»» totter sure 
accomplished by parUcto# of matter already arranged, whilst It to turn dear that Sir# 
prebtom erf ehemkal mechanic# mainly bee in tee eppreheoskui of those »»t»« 
are tovtoibly aeoocapltohad by tea «&aUe»t Umm of manor. 
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transformed into heat ; ” if heat be absorbed in a nution** 





of force or ertorgy-going to the formation of new compounds may, after 
eeveral combinations, accomplished with an absorption of hmt, at hurt 
diminish to such a degree that indifferent compounds will be obtained, 
although these sometimes, by combining with tnorgeUe ekrnrnU or 
compou nd", give more complex compounds, which may be capable of 
entertng into chemical combination. Among elements, gold, platinum, 
and nitrogen havo but little energy, whilst poUMtam, oxypn, and 
chlorine have a very marked degree of energy. When <MtnlUr sub- 
stances enter into combination they often term tmbsurat of diminished 
energy. Thus sulphur and potaMium when hotted «t*% bum to air, 
tmt when combined together their compound is author InfUmmabto 
nor burns in air like its component part*. Part of ths «wrgy of tbs 

C dum and of the sulphur was evolved to thdr am&mtkm In the 
of heat. Just as in the passage of eubsteooos from atm phyttod 
state into another a portion of their store of hmM Is absorbed or 
evolved, so to combinations or decompositions and to ovary etomjfaia 


t» t9w theory ot heat gate the Ida* of a stow of iatornal Btotfcm m mmay, mi A 
therefore with it, U beoame neoeaatoy to wtoni# etomtoai mmft* but toe*** to m 
loondabloD whatever for tdentifyfog boat oaargy wW» ** «*Jf t* mp> 

poood, hot not poaitmdy aflbmed, that beat mottos Is p*opw to twdwitet and tte&tosi 
motion to otomu, bat that aa motoouks aw mads up «t atom, tha metom *4 tfes mm 
ptnann to tho other, and that lor this ream beat attoagly Umww rwttbw d4 
appears or disappears (la ai*orha$ to reaetkma. The** itotoifcsrw, which an 
and hardly subject to doubt on general Uac«, Ml pvwiKt WMh that to to 

detail, because all forma of moleoular and atotaks mntten an afcte to p«w into «w#» 
other. 

® The reactions which take place (at the ordinary m at a h%b tan rpwretemi) #?«*% 
between suhetoncea may be clearly divided into exothermal, *W«h «m i***mpmM by 
on evolution of heat, aad endothertnal, which are imma panted by m aJw*rpf*wi of tosato 
It is evident that the totter require a source tot heat. They an Astomtatot Mtm by th* 
directly rummndiDg medium (aa to the formation et « ‘ 
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process, there occurs a change in the store of chemical energy, and at 
the same time an evolution or absorptions! heat.* 4 

For the comprehension of chemioal phenomena* as mechanical pro* 
ceases — i.e., the study of the modue operand i of ohotmeal phenomena— 
it is most important to consider : (1) the facte gathered from 
stoichiometry, or that part of ohemietry which treats of the quantita- 
tive relation, by weight or volume, of tho reaoting substances j (2) the 
distinction botwoen the different forms and classes of chemioal 
reactions j (3) tho study of tho changes in properties produced by 
alteration in composition ; (4) the study of the phenomena which ac- 
company chemical transformation ; (6) a generalisation of the con- 
ditions undor whioh reactions occur. As regards stoichiometry, this 
branoh of chemistry has been worked out most thoroughly, and 
oompfisos laws (of Dalton, Avogad ro-Gorhordt, and others) which boar 
so deeply on all parts of chemistry that at the present time the ohief 
problem of chemical researoh consists in the application of general 
Stoi'ohiomotricol laws to concrete examples, i$„ the quantitative 
(volumetrio or gravimetric) composition of subs tan cos. All other 
branohes of ohomistry aro oloarly subordinate to this most important 
portion of ohemiool knowledge. Bven the very signification of re- 
actions of combination, decomposition, and rearrangement, aoqulrod, aa 
we shall see, a particular and new character under tho influence of the 
progress of exact ideas concerning the quantitative relations of sub- 
stances entering into- chemical ohangea. Furthermore, in this sense 
there arose a now — and, till then, unknpwn — division of compound 


of this oentury, Borthollot had not made this distinction. But Front 
showed that a number of compounds contain the eubatanoes of which 
they are composed and into whioh they break up, in exact definite pro- 
portions by weight, which are unalterable under any condition* Thu®, 
for example, red mercury oxide always contains sixteen parts by weight 
of oxygon for every 200 parts by wolght of mercury, which is expressed 
by tho formula IlgO. But in an alloy of copper and silver one or the 
other metal may be added at will, and in an aqueous solution of sugar, 
the relative proportion of the sugar and water may be altered and 
nevertheless a homogeneous whole with the euro of the independent 


»* An eberaJeiU reactions turn ©fleet ed by heating, no toe beat absorbed by eobetanoea 
before deetsnpottiUoo or ohoaga of state, wad called ‘ 8p#dfie beat,* gees to many eases to 
the preparation, If It may be bo expmsed, of reaction, even whet) the ItaH el the 
temperature ot reaction Is nut attained. Thy molecules at ft imbalance A , which ia act able 
m a attbrtanee B below it temperature I, by being h*atafl ftem a sesiowhat leoer 
fcmj5«alsj© to A undergoes that change whteh had to be arrived at for the fora a t lo ft 

#3 


PRIKCIH^S op chemistry 


i 


: I 

, I 


i 

; I 



properties will bo obteined~~i.e., in those e&#« then* wm indefinite 
chowioal combination. Although in nature and chemical practice the 
formation of indefinite compounds* (such m td U«ys and ®*duti«n#) t % 9 
as ossontial a part as the formation of definite chemical comjH.umls, yet, 
as tho stoichio&iotrical laws at present apply ehtelly to Uu> Utter, fill 
faota conoorning indefinite compound# Buffer from inexactitude, ami It 
b only during recent yearn that rim attention <>f clnmiurte haa ton 
directed to this province of chemistry. 

In chomioal mechanics it ia, from a qualitative! \mnt *4 view, very 
important to oloariy diatinguiab at tho very Iwgirming htwwt m»re 
eiblo and non-mxrHbk remtwm, BubateJto® cajnhbi of reacting »« 
each other at a certain temperature products #ul*terw*s* which at the 
game temperature either can or cannot giro tok thc-ngnml *u)«Umm 
For example, salt dissolves in water at the ordinary ternjmmtum, and 
the solution so obtained is capable of breaking up at the mtm temper* 
turo, leaving salt and separating the water by evaporation. Carbon 
bisulphido is formed from sulphur and carbon or nUmt the mine 
temperature at whioh it can be resolved lute sulphur and Iron, 

at a certain temperature, separate* bydrogwi frem water, forming iron 
oxide, whioh, in oontaot with hydrogen at tho same tetnjmrelure, ia able 
to produoe iron and water. It is evident that if two Milwtatuwe, A 
and B, give two others 0 and D, and the reaction bo reversible, than 
0 and D will form A and B, anti, consequently, by taking a definite 
mass of A and B, or a corresponding nuaw of C and I>, we shall otHsaia, 
in each case, oil four subatenota—that is te my, there will tm a state 
of chemical equilibrium between the reacting nubstenre*, By increasing 
the maea of one of the substance® we obtain a n«w condition of «jui* 
librium, so that reversible rear. turns preeant a menus *4 studying the 
irflumce of maw on the modw ofermdi of chemiral change*, Many 
of those reactions which occur with very oomptiuatad re»mp.*utul» or 
mixtures may nerve as example# of non-rtvnreiblt* reaction#. Thu# 
many of the oompound substance® of animal and vegwubte organism a 
are broken up by heat, but cannot bo re formed from their products 
of decomposition at any temperature. Gunpowder, m a mixture of 
sulphur, nitre, and carbon, on bring exploded, form# gasrs from which 
the original substances cannot be reformed at any temperature In 
order to obtain them, recourse must be had to on indirect met heal •/ 
combination at the moment of separation, If A demt not under any 
circumstances combine directly with B, it doe® not follow that it maw* 
give a compound A B. For A can often combine with C and l! with 
D, and if 0 has a great affinity for X), then the reaction of A C or It D 
produces not only C D, but also A B. As cm the farsuuUm of O D. 
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tho substances A and B (previously In A 0 and B D) are left In a 
peculiar state of separation, it is supposed that their mutualcOH)* 
bination occurs because they meet together in this nascent state at the 
moment o! separation (in statu naeomdi ). Thus chlorine does not 
directly combine with charcoal, graphite, or diamond ; there are, never* 
tholess, compounds of chlorino with carbon, and many of them are 
distinguished by thoir stability. They are obtained in tho action of 
chlorino on hydrocarbons, as tho separation products from tho direct 
notion of chlorino on hydrogen. Chlorine takes up the hydrogen, add 
tho oarbon liberated at tho moment of its separation, enters into com* 
bi nation with another portion of the chlorine, so that in the end the 
chlorino is oomblnod with both the hydrogen and the carbon.** 

As regards those phenomena which accompany chemioal action, the 
most important circumstance in reference to chemioal mechanics is that 
not only do chemical processes produce a mechanical displacement (a 
motion of particles), heat, light, electrical potential and current ; but 
that all thoso agents are thomsolves capable of ohaoging and governing 
chemical transformations. This reciprocity or reversibility naturally 
deponds on tho fact that all the phenomena of nature are only different 
kinds and forms of visible and invisible (molecular) motions. First 
sound, and then light, was shown to ooosirt of vibratory motions, as 
tho laws of physics have proved and developed beycmd a doubt. 
Tho connection between heat and mocbaoical motion and work has 
ceased to bo a supposition, but bos becomo an accepted fact, and the 
mechanical equivalent of heat (425 kilogramrootres of mechanical work 
correspond with one kilogram unit of heat or Calorie) gives a mecha- 
nical measure for thermal phenomena. Although the mechanical 
theory of aleotrieal phenomena cannot be considered so fully developed 
as the theory of heat, both statical and dynamical' electricity are 

« It (a poeriblo to imagine that the e&osKt ot a great many of ooeh reaction# to, that 
subsbftncvos token in a *ep<iraio atato, for Inatanoo, charcoal, present a cosoptox molecule 
composed of #eparftUi atom# of carbon which aw fastened together {united, a# to usually 
eald) by ft considerable affinity ; for atom# of the name kind, jturi Uko atom# of different 
kinds, possess a mutual affinity. The affinity of chlorine for carbon, although unable 
to break this bond asunder, may be sufficient to form ft otoble compound with atom# of 
carbon, which ore already separate. 0o«U a view of the subject presents a hypothesis 
which, although dominant at the present time, to without uofflotonUy firm foundation. It 
to evident, however, that not only do m ehemleal reaction iUelf oonatot of motion#, but 
that in the compound formed (in the molecules) the ekapento (atom#) forming ft ore fa 
luumoakm# stable motion (like the planet# in the eotor eyaktm), end tide motion Will 
affect tho e lability and capacity for reaction, and therefore the eusobiwulcAl ride of chemical 
action mast be exceedingly complex. Just m there are solid, physically oooatant non* 
volatile eubutance# like rock, gold, oluwcoal, #o ore there stable and c hem ically con* 
riant bodies ; while corresponding to physically volatile Bubctaccoo there are bodies Uko 
mmjiKiw , which are chemically unstable and fttitbia 
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produced hy mechanical means (in common electrical maehlure or In 
Gramme or other dynamo*), and conversely, « current' (in ri.vtrio 
motors) can produce mechanical motion. T bun by connecting n current 
with tho poles of a Gnunmo dynamo it may U made to revolve, and, 
conversely, by rotating it an electrical current i» pr**luc«d, which 
demonstrates the reversibility of electricity into me luuu.ri mutfon. 
Accordingly chemical mechanics must, lonk for tho fim.fonmntel lines 
of its advancement in the correlation of chemical with phyri.-ri and 
mechanical phenomena. But this subject, ..wing to it s enmph-uiy and 
comparative novelty, luw not yet l won expressed by a harm.omma 
theory, or oven by a satisfactory hyfwthesri, and ilmrefore wo shall 
avoid lingering over it. 

A chemical change in a certain direction i« accomplished not only 
by reason of the difference of masses, the composition of thesufoteuetui 

concerned, the distribution of their parts, and their affinity or chemical 
energy, but also by reason of tho c,mditu»i* under which the sub* 
a tan cos ooour. In order that a certain chemical react inn may taka 
place between substance which arts capable of reacting on mch other, 
it is often necessary to have recourse to conditions which are sometime* 
very different from these in which tho xulatenm* usually ooour In 
nature. For example, not only is tho presence of air (oxygon) swK*M*ry 
for the combustion of charcoal, hut the latter must also W heated te 
rednesi Tim rod-hot portion of tho charcoal burns* mmhinna 
with the oxygen of the atmosphere — and in no doing imdvtMt heat, 
which raises the temperature of tho adjacent |tarte of charcoal, an 
that they bum. Just as tho combustion of eharoml is dp|«mdont on 
its . being heated to redness, so also every chemical reauthm only tek*» 
place under certain physical, mechanical, or other condition*. Tho 
following are tho chief conditions which exert an intluonrw on tin* 
progress of ohemioal reactions. 

(a) T&nperatim . — Chemical reactions of aombUmiion only take 
plaoe within certain definite limits of temperate***, ami eammi be 
accomplished outride thee© limits. Wo may rite « examples not only 
that the oombustion of charcoal begin* at a red bmt, hat aim* that 
ohlorine and salt only oombino with water at a temperature below CP, 
These compounds cannot be formed at a higher tempemtere, for they 
are then wholly or partially broken up Into thrir eampmwmt parte, 
A oertain rise in temperature is nmmmy to start mmbmkrn. In 
certain cases the effect of this rise may be explained m ««ilng om* 
of the reacting bodies to change from a solid into a Ibptd «r gjamwoa 
form. The transference into a fluid form fadlitetea the progress of 
the reaotion, because It aids the intimate contact of the pactiete* 
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reacting on each other Another reason, and to this must bo oscribod 
tho chief influenco of heat in exciting chemical action, is that the 
physical cohesion, or the internal chemical union, of , homogeneous 
particles is thereby wcakoned, and in this way tho separation of the 
particles of the original substances, and their transference into new 
compounds, is rondorod oasior. Whon a reaction absorbs boat— as in 
decomposition — the reason why boat is nocossary is self- evident. 

At tho present day it may bo asserted upon tho basis of existing 
data, respecting tho action of high temperature, that all compound 
bodies aro decomposed at a more or less high temperature. We have 
already seen examples of this in describing the decomposition of 
mercury oxide into mercury and oxygon, and the decomposition of 
yrood under the Influence of heat. Many substances are decomposed 
kt a very moderate temperature j for instance, tho fulminating salt 
which is employed in cartridges is decomposed at a little above 120° 
Tho majority of those oompounds which make up the mass of animal 
and vegetable tissues aro decomposed at 200°. On the other hand, 
there Is reason to think that at a very low temperature no reaction 
whatever can take plaoo. Thus plants ooaeo to carry on their chemical 
processes during the winter. Raoul Pictet (1892), employing tho very 
low temperatures (as low as — 200°O.) obtained by the evaporation of 
liquefied gases (m Ohap. II.), has recently again proved that at tempera- 
turea'bolQW — 120°, even suoh reactions as those between sulphuric acid 
and caustic .soda or motalHo sodium do not take place, and even the 
coloration of litmus by acids only commences at temperatures above 
— 80°, If a given reaction doc® not take plaoe at a certain low tempera* 
jturo, it will at first only proceed slowly with a rise of temperature (even 
if aided by an electric discharge), and will only proceed rapidly, with 
khe evolution of heat, when a certain definite temperature has been 
reached. Every chemical reaction requires certain limits of tempera- 
ture for its accomplishment, and, doubtless, many of the chemical 
ohangos observed by us oannot take place in tho sun, where the 
temperature is very high, or on the moon, where it is very low. 

The influence of heat on reversible reactions is particularly imbrue* 
tivo. If, for instance, a compound which is capable of being reproduced 
■from its products of decomposition he heated up to the temperature at 
which decomposition begins, the decomposition of a matt of the imb- 
alance contained in a definite volume is not immediately completed. 
Only a certain fraction of the substance is decomposed, the other por- 
tion remaining unchanged, and if the temperature be relied, the quan- 
tity of the substance decomposed increases j furthermore, for a given 
volume, the ratio between the part decomposed and tho part tmaftorod 
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corresponds with each definite rise in temperature until it nmhm that 
at which the compound is entirely decomposed. This partial deoom. 
position under tho iniluonoe of heat is callwl dimM'Miitm. It is pas- 
siblo to distinguish between the temperatures at which diuwicUtlott 
begins and ends. Should dissociation proceed at a certain totupnraturo, 
yob should tho product or products of lUn'otuptnitom n«>t remain in 
oontaob with the still undeoomp&ed portion of tho rumpmmi, then 
decomposition will go on to the end. Thus limestone is diwsun jawed 
In a limekiln into limo and carbonic anhydride, Uhviu»»' tlm latter i» 
carried off by tho draught of tho furnace. Hut if a certain msw ol 
limostono bo onclosotl in a doilnito volume - for instance, in a gun 
barrel — which is then scaled up, and heated to mine**, then, m tho 
carbonic anhydride cannot escape, a certain propirtton only of tho 
limes tone will be dooom {rotted for every imsmntmfc »*| heat (rise in tern- 
peraturo) higher thau that at which dissociation logins, tWnmpimtion 
will coaso when tho carbonic anhydride evolved pr«*«u»u a maximum 
dissociation pressure corresponding with each rise* in temperature. If 
tho pressure be increased by increasing tho quantity «f goa, then mitt, 
bination begins afresh } if the ptMture be dinunklwl d»wmp»Wu» 
will recommence. Decomposition in this raws is exactly similar to 
evaporation j if the steam given off by evaporation cannot it* 

pressure will reach a maximum coma ponding with the given toropra- 
ture, and then evaporation will ooase. Should steam W added it will 
bo condensed in the liquid { if its quantity Hh ditniniahnd - ».*. if the 
i pressure be lessened, the temperature being ecmat&nt~~ then evaporation 
will go on. We shall afterword# discuse more fully thrao phenomena of 
dissociation, which were first discovered by Henri St, Okira I kvMo. 
We will only remark that the product* of decomposition w wimbittn 
with greater facility the nearer their temperature U to that, at which 
dissociation begins, or, in other words, that the initial t»m|w>rature of 
dissociation is near to the initial tetupirature of combination. 

(6) The vnjlmwm of aw eieefrie currant, and of electricity i n 
on the progress of ehemkal transformations is very similar to tlm 
influence of heat The majority ol compounds which conduct *W» 
fcrloiby are decomposed by the action of a galvanic currant, «*„} m 
jthere Is great similarity in the conditions under which d**mmp*wiU« 
and combination proceed, combination often pmmmh under tho in- 
fluence of electricity, Electricity, like hm% mmi U retarded * * 
peouliar form of molecular morion, and all that refer* to tte Influence of 
heat also refers to the phenomena produced by thit nethm of m 
electrical carrot, with Alt differ®*, onl, that a ahU,. «* tm 
separated into its component parts with much greater w by dmtmhy. 
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since the process goes on at the ordinary temperature. The most 
stable compounds may bo decomposed by this means, and a most im* 
portant foot is then observed — namely, that the component parts- 
appear at the different poles of electrodes by which the current passes 
through the substance. Those substances which appear at the positive, 
polo (anode) are eallod ‘ olootro-nGgativo,’ and those which appear at 
the negative polo (oathodo, that in connection with tho zinc of an 
ordinary galvanic battery) are called * oloctro-positive.' Tho majority 
of non-motallic dements, such os ohlorino, oxygen, &o., and also acids 
and substances analogous to them, belong to the first group, whilst tho 
niotals, hydrogen, and analogous produots of decomposition appear 
at tho negativo polo. Chemistry is indebted to the decomposition of 
compounds by the eleotric current for many most important discoveries. 
Many elements have been discovered by this method, tho most im- 
portant being potassium and sodium. Lavoisier and the oliomistsof 
his time woro not able to decompose the oxygon compounds of these 
motnls, but Davy showed that they might bo decomposed by an 
oloctrio current, tho motals sodium and potassium appoaring at tho 
nogativo polo. Now that tho dynamo gives tho possibility of pro- 
ducing an oloctrio current by tho combustion of fuol, this mothod of 
Sir H. Davy is ndvantagoously om ployed for obtaining metals, &c. op 
a largo scalo, for instance, sodium from fusod caustic soda or chlorine 
from solutions of salt. 

(e) Certain unstablo compounds aro also decomposed by the action 
Of light. Photography is based on this property in certain substances 
(for instance, in the salts of silver). Tho mechanical energy of those 
vibrations which determine tho phenomena of light is very small, and 
therefore only certain, and those generally unstable, compounds can be 
decomposed by light— -at least under ordinary circumstances. But 
there is one class of ohemieal phenomena dependent on the action of 
light which forms as yet an unsolved problem in chemistry— -these are 
tho processes accomplished in plants under tho influence of light 
Hero there take place most unexpected decompositions and combina- 
tions, which aro often unattainable by artificial means. For instance, 
carbonic anhydride, which is so stable under tho influence of heat and 
electricity, is decomposed and evolves oxygen in plants under the 
influence of light. In other cases, light decompose® unstable com- 
pounds, such as aro usually easily deeomfmaed by heat and other 
agents. Chlorine combines with hydrogen under tho influence of 
light, which shows that combination, as well a& decomposition, can 
be determined by its action, os was likewise the case with heat and 
electricity. 
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(d) Mechanical causes exert, like the foregoing agouti, an action 
both on the process of chemical combination and of dcHHvni position. 
Many substances are decomposed by friction or by a Muw - m, for 
example, tho compound called iodide of nitrogen {which i# cwiip****! of 
iodine, nitrogen, and hydrogen), and silver fulminate Mechanical 
friction causes sulphur to burn at the expense of the oxygen contained 
in potassium chlorate. Pressure affects tedh the physical and chemical 
state of tha reacting substance®, and, together with the fcemj^mture, 
determines tho sfcato of a substance. This is particularly evident when 
the substance ooours in an elastic-gaseous form since the volume* and 
henco also tho number of points of encounter between the reacting 
substances is greatly altered by a change of pressure. Thun* under 
equal conditions of temperature, hydrogen when eompm«rd art* more 
powerfully upon iodine and on the solutions of many salts, 

(e) Besides the various conditions which have Wn enumerated 
abovo, tho progress of chemical reaotitmti in accelerated or retarded by 
tho condition of contact in which the reacting bodiws* ur < niter 
conditions remaining constant, the rati of progmia of a chemical re- 
action is accelerated by Increasing the number of point* of contact. U 
will be enough to point out the fact that sulphuric auhl does m*i absorb 
ethylene under ordinary conditions of contact, hut only after eon* 
tinued shaking, by which means the number of point* at otmtaot hi 
greatly increased. To ensure complete action between solids, it l» 
neoessary to reduce them to very fine pcwdur and in mix them m 
thoroughly as possible. M. Spring, the Belgian chemist, has shown 
that finely powdered solids which do not react on each other at tho 
ordinary temperature may do so under an lnmwuted proas urn. Thu«, 
under a pressure of 6,000 atmospheres, sulphur combine® with many 
metals at the ordinary temperature, and mixtures of the powders of 
many metals form alloys. It is evident that an Uiortxum in tho numbor 
of points or surfaces must be regarded as the chief mumi producing 
rOaotion, whioh it doubtless accomplished in solid®* m in liquids and 
gases, irv virtue of an internal motion of the particles, which motion, 
although in different degrees and forms, must exist in all tb# atatos of 
matter. It is very important to' direct attention to the foot that the 
internal motion or condition of the parts of the partlolw of matter 
must be different on the surface of a substance from what it is inside ; 
becauso in the interior Of a substance similar partodT am acting 1 
all sides of every particle, whilst at the m*fam they not ©» 

only. Therefore, the condition of a substance at ite nurfaeou of conteei 
with other substances must be more or less modified by than— it may 
be m a manner similar to that caused by an elevation of tempwateup®. 


DJtt&ODtronON 


to 

These coneidomtlCns throw some light on the action in tho largo olasa 
of contaot reaction w ; that is, suoh as appear to prooeed from the mere 
presenco (contaot) of oertain speoial substanoea Porot^a or powdery 
substances aro very prone to act in this way, especially spongy 
platinum and oharooal. For example^ sulphurous anhydride does not 
combine direotly with oxygon, bub this reaction takes ptaco in tho 
preaenoo of spongy platinum . 80 

Tho abovo general and introductory ohemicai conceptions cannot bo 
thoroughly grasped in thoir truo sense without a knowledge of tho 
particular foots of chemistry to which wo shall now turn our attention. 
It was, however, absolutely necessary to become acquainted on the 
very threshold with suoh fundamental principles os the laws of the 
Indestructibility of matter and of tho conservation of energy, since it ie 
only by their aoceptonoo, and under their direction and influence, that 
the examination of particular facts can give praotloal and fruitful results. 

86 Contact phenomena aro aoparataly ooo&Idarod in detail in tho work ot Professor 
Konovalofl (1804). In my opinion, it rpusl bo hold that tho fikafco of tho internal motions 
of tho atoms In molcfinlos ia modified at tho point# of oontaot of substances, and tills 
state dotormlnos ohomlotvl reactions, and thoroforo, that reactions of ootnhination, de- 
composition, and rearrangement aro aooomplldliod by oontaot, Professor Konovalofl 
showed that a number of anbetanooB, undor certain conditions of their Burfoow, aot by 
oontaot ( for instance, finely divided sllloa (from the hydrate) <>ot« just like platinum., 
deoorapoBing oertain compound others. As roaotions aro only accomplished under oIom 
contact, it is probable that those modifications In tho distribution of the atoms in mole- 
cules whiob oomo about by contact phenomena prepare the way for them. By this tho 
rdlo of oontaot phenomena is considerably extended. Suoh phenomena should explain 
the foot why a mixture of hydrogen and oxygon yields water (explodes) at different 
temperatures, according to the kind of boated substance whioh transmits this tempera* 
taro. In ohemloal mechanics, phenomena of this kind have groat importance, but as yet 
•hoy have beta but Httlo studied. It must not bo forgotten that oontaot Is a necessary 
condition for every chemical reaction. 



on watrh ants n* coxrotwM 


Water is found almost everywhere in natuns awl in ail thru* physical 
states. As vapour, water ocean in the atmosphere, and in thta form 
it ia distributed over tbo entire surfacei of the *wth, Tfc» wper ol 
water in condensing, by cooling, forma mow, min, hell, daw, ami tug. 
Ono cubic metre (or 1,000,000 cubic omdi metre*, m 1,000 Ulna*, or 
3(5*310 cubic foot) of air can contain at 0” only 4 8 gram* «f water, at 
20° about 17*0 grama, at 40* about 60*7 $mm j bat ordinary air «mly 
containB about 60 per cent of this maximum. Air m.t\Udnh\$ \m 
than 40 per cent, ia felt to bo dry, wbitofc air which contains tmwt than 
80 per cent, of the same maximum k aomridtarsd m dmtumily damp, 1 
Water in the liquid state, in falling m min and «»w, mmk» into the 

1 In practice, the teemiet ha* to eanMnanU? 4 m) with gmm, as4 gmm mm pUm 
collected over water ; In white eeee a certain amoral «f water p mtm into mk 

thie vapour mixee with the $*««, It U tterteire west tefmlMtt tea tw teatlS te tele 
to calculate the amount ot water m «< mmmm *n m-r ami <*eA#r fa m 

imagine a cylinder « lauding la a mercury hate, m& M with a iff m$. wteew mtm# 
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volume oooupjod by the aqueous vapour under the pressure h-yf equals v or 

j!jLy Thus the volumes of tho dry gas and of the moisture which oooure In It, at a 

pressure h+f, are m tho ratio /: h. And, therefore, if tho aqueous vapour saturates a 
space at a pressure n, tho volumes of tho dry air and of the moisture which is contained 
In it are in tho ratio n-/: f, where / Is tho pressure of tho vapour according to tho 
tabloti of vapour tension. Thus, if a volume N of a gas saturated with moisture 
bo measured at a prossuro H, then tho volume of the gas, when dry, will be equal to 


N S"/. In foot, tho entire volume N must be to the volume of dry gas « as H is to 
H-/j thoreforo, N ia»H i II-/, from which Under any other pressure™ 


for instance, 760 mm, —tho volume of dry gas will bo ®~j?, or ~jj/, and wo thus obtain 

the following practical rule ! If a volume of a gas saturated with aqueous vapour bo 
measured at a pressure H mm., then the volume of dry gas contained In It will be 
obtained by finding tho volume corresponding to tho pressure H, less the pressure due 
to tho aqueous vapour at tho temperature observed. Per example, 87'6 oubie eenti* 
metres of air saturated with aqueous vapour wore measured at a temperature of 16'8°, 
and under a pressure of 747 - 0 mm. of mercury (at 0 U ). What will he tho volume, of dry 
gaB at 0" and 71U) mm. ? 

The prossuro of aqueous vapour corresponding to 16'0° Is equal to 12 0 mm., and 

therefore the volume of dry gas at 10'0 o and 747'0 mm. is equal to 87-B * ZiZJLll? § i at, 

7478 

760 sun, It will bo equal to 87'8 k , and at 0° the volume of dry gait will be 

87*5 x x — IZJL.. e. 04'01 o.o, 

7<i0 278+ 18-0 

Prom this rule may also be calculated what fraction of a volume of ga« in oooupiod by 
moisture under tho ordinary pressure at different temperatures ; for instance, at 80° C. 
^«81'8, consequently HO volumes of a moist gas or air, at 780 mm., contain a volume of 

aqueous vapour 100 x or 4'110 ; ft is also found that at 0° there is contained 

<>•01 p.o. by volume, at 10° 1*91 p.e., at 20° 9*80 pne,, and at 80 6 up to lfi'll p.e. Prom 
this it may be Judged how great an error might be made in the measurement of gases 
by volume if the moisture were not taken into consideration. Prom this it is also 
evident how groat are tho variations in volume of the atmosphere when it loses or gaine 
aqueous vapour, which again explains a number of atmospheric phenomena (winds, 
variation of pressure, rainfalls, alumni, Ac.) 

If a goo ia not saturated, then it is indiuptmaabln that the degree of moisture eheuld 
bo known In order to determine tho volume of dry gau from the volume of ni«i»t gas. 
The preceding ratio given the maximum quantity of water which t an bo held in a g lv », 
and the degree of moisture allows what fraction of this maximum quantity occurs in a 
given ease, when the vapour d<xw not saturate tho space occupied by the gas. Conse- 
quently, If the degree of moisture equals 60 p.o,— that ia, half the maximum— then the 
volume of dry gae at 760 mm. t» equal to the volume of dry gas at im own. multiplied by 

“?£Kl^' nr ' ln where r is the degree of moisture. Thus, if It is 


required to measure the volume of a moist gaa, it must either be thoroughly dried or 
quite saturated with moisture, or doe the degree of moisture determined. The first and 
last methods are inconvenient, and therefore reeoum is usually Had to the eaeowi For 
this purpose water is Introduced into the cylinder bolding the gas to be measured t it is 
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contain from 40 to 80 per cent, of water by weight, AniraiUi ecmtetJa 
about tho same amount of water. In & tolid state, water &ppmm 

left for tv certain time eo Hurt tins ga« may tw wtonte4, tew fw««^ t*t»f Uhm 
Hut ft portion o ! tho water remains in a llqold *teto, te*» (h» nAmm *4 te*» nmtrt p» 
i« determined, from which that of the dry go* may to cftlwuteted t« rrter to 0*3 tbs 
weight of the agueoue vapour in a gas it to to tew* tt** ** i *hl «4 * «uMt 

measure at 0° and 760 nm. Knowing AM «*« «•**> ®»Ua»te* *4 «r la te*w® 
dances weighs 0-001606 gram, and that tee d«aal«j of *i«k>m vftf«a* to o«ft, ** toft 
that one cubic oentlmotw of aqueous vaptwr at 6" *»4 «* *tofh* oi«*» gpws* 

aud at a temperature 1° and prewure te the weight «t am'mhk) mnhtmir* mil H 

0-0009 X ^x We already tern* AM « of a «m al * taMftetfttae* f» 

pressure A eontain vx£ volumes erf aqueous **!«•« wttoh eaterM# ft, te«to*fc» tto 

weight of the aqueous vapour held In v volume# of a fa* wftt to 

vxfMitel* 4 “iSSt 

Accordingly, tho weight of water which is cwskiwrft to «# «ul»»» *4 a gw* 
only on th® temperature and not on the pmauno. Tfete ate* utgntfM* teal twsfwa* 
tlon proceeds to the same ex toot la air m to a vacuum, at, to *t*#*ml t«ww« fteta la 
Dalton ' i tow), vapours and gases difews into each uttar *» If twin a vmmm- I® a fl«Mt 
apaoo, at a given temperature, a constant quantity «f vapwwr entew, to tea 

pressure of the gas Ming teat apace. 

From this It ts clear teat If tea weight of tea vopegr «*Ws#d to a tttww wte*to 
of a got he known, It to easy to determine tee dsfrwe of »«Whw* ***^ ’§$%$$ ( * a 

On this to founded tea vary exact fiMmuteito of tew dogw* #1 «l 

air by the weight of water eontatoed to ft given vafatnw ft to wasy to atteitUto b*m 
the preceding formula tee number of grams <4 water at any p smmmm to mm 

eublo metre or million cubic centimetres of ok sMeratol kite *ep*ur at *mt«m immpmr 
tnres | for instance, at D0 a fm H‘8, hence pwfif-fHI gram*. 

The laws of Mariotte, Dalton, and Oay*tn>«!sto, white aw ten* appSM to mA 
vapours, are not entirely exact, hut are approximately* tram. If te»j w«r»* quit* wcMrit 
a mixture of several liquids, having a certain wpmt BMeama. wnokt gtva at a 

very high pressure, which ie not tee ease. In tost tee pmsttrw <4 m$»mm vafww It 
slightly loss in a give than in a wtouri, and the weight at aqoMw# vspsw toM to a geo 
is slightly less than It should be according to 1 totem's tew, m w*» «h*wn hf te* tmpmfa 
ments of Reguault and others. This mvaas teat te« ! wttkm *4 te-« vmpemr t# teww to air 
than In a vacuum, The dlflvrance does not, hmmm t a*e»s4 I im mm, *4 tew total 
pressure of the vapours, This &mmmi to Mpmr itmm «te4 «*•» to tfe» tetsa 
mixture of vapour# wad «ma, alttei^h wall, tedteato* test team to te*« ataww If, m m 
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os uno-w, too, or In an intermediate form between these two, which 
Is seen on mountains covered with perpetual anew. The water of 
rivers,® springs, ooeans and seas, lakes, and wells contain* various 

therefore In this case chcmioal affinity to not yet operative— at least tin action le not 
clearly pronounced. That it does, however, play a certain part k seen from the deviation 
from Dalton's law. 

* In failing tlirough the atmosphere, water dissolves the gores of the atmosphere, 
nltrio acid, ammonia, organic compounds, salts of sodium, magaealtaa, and calcium, and 
moehanioally washes out a mixture of dost and microbes which are suspended in the 
atmosphere. The amount of these and certain other constituents k my variable. ®v«# 
in the beginning and end of tho same rainfall a variation which Is often vary considerable 
may he remarked. Thus, for example, Bunsen found that rain collected at the beginning 
of a shower contained fl'7 grams of ammonia per cubic moke, whflert that collected at tho 
end of the same shower contained only 0'&4 gram. The water of the entire shower eon* 
tained an average of 1‘47 gram of ammonia per cubic metre. In the course of a year 
rain supplies on acre of ground with as much as 54 kilos of nitrogen In a combined form, 
March and found in one cubic metre of snow water 1508, and in one cubic metre of rain 
water 10 07, grams of sodium sulphate, Angus Smith showed that after a thirty hour** 
fall at Manchester the rain still contained 84’8 grams of salts per cubic metre. A eon* 
sidorablo amount of organic matter, namely 88 grams per cubic metre, haw been found 
in rain water. Tho total amount of solid matter In rain water reaches 80 frame fttf 
oubio metro, Koto water gem orally contains very little carbonic acid, whilst river 
water contains a considerable quantity of it. In considering the nourishment of 
plants it is necessary to keep in view the substances which ore carried into Urn soil 
by rain. 

Bitxtr water, which is oooumalatod from springs and sources fed by atmospheric 
water, contains from 80 to 1,800 parts by weight of colts in 1,(KX),(XK) parte. The amount 
of solid matter, per 1,000,000 parts by weight, contained in the chief rivers k m 
follows ; — the Don 184, the Loire 188, the Si. Lawrence 170, the Illume 108, the Dnieper 
167, the Danube from 117 to 884, the fibine from 186 to 817, the Seine from 100 to 4JM» 
the Thames at London from 400 to 480, in its upper parts frftT, and in its lower porta up 
to 1,017, tho Kile 1,660, tbs Jordan 1,0 » 8. The Neva k chareeterteed by the remarkably 
small amount of solid matter it oouiatoa. From the toveatlgatlons of Bret Q. K, Trappy 
a ouWo metre of Neva water oon tains 69 grams of incombustible and 88 grams of 
organic matter, or altogether about 65 grams. Thk k one of tho purest waters wbkh to 
known in rivers. The large amount of impurities to river water, and especially of organic 
impurity produced by pollution with putrid matter, makes the water of many rivers unfit 
for one, 

Tho chief part of the soluble substances to river water constate of the calcium Mite. 
100 porta of the solid residues contain Uv> fallowing amounts of calcium carbonate — • 
from tho water of Uin Loirs 68, from the Tltotnas about 60, the Elbe 68, the Vistula §§„ 
the Danube 08, Ills Uliinc from 66 to 78, tlw Baton 76, the Illume from H8 U> 04, The 
Neva contains 40 porta of ealdam carbonate per 100 porta of salute matter Tim oun» 
oklerable amount of calcium carbonate which river water contain* la very easily oxploUwd 
from the foot that water which contains earhooks acid to relation easily dtasntvas eatetam 
carbonate, which occurs oil over the earth. Besides eoktma ourlwuate otai sulphate, 
river water contains magnesium, silica, o hlorto c, sodium, pc *ta*«4am, al imiimsm, *4 trio arid, 
iron and manganese, Tha prawmoc of salt* of phtsspburk arid ha* uot jot bean dvtenuteed 
with axaofeUnde for all rivers, but the prarene® of nitrates ha* bren proved with fwftatoty 
to almost all kinds of weU-tavwst»gated river water. The quantity of eakdam phosphate 
does not exceed 0 4 gram in Uw water of the Ihiiepar, and the Don does mtlmmkdn man 
than 6 grams. The water of the tonne contain* about 18 grama at ntorisn, and that at tim 
Bliono about H grama, Tim amount of ammonia ta much tea* ; thus to the water ef the 
Uhtoa about 06 gmm to J was, and Oh gram to Octol>«r; the water ctf tin-, %&m rea tehaq 
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eubstanoos in solution mostly Mlfe,- that i\ sutatAm** 
common table salt in thrir physical j>ri*prtiw» w*«t *-ht©f thmnml 
transformations. Further, the quantity amt n*»tur*< ».f th<*w* mk# 
differ in different water*.* Every!**!)’ !»»«**» that th* m «rv «4l, 
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the same amount. This ia Im* than in rsift «»** N v 4wjth*U!-,4. 
quantity, the water of the Khii*« ftb'fiv, whn h u *•.■•» •** **1? 1**« 3 * 
kilogram* of ammonia Ink* the wsHwevery d«y Tim -l. (!*(<». *> * ** 
cupmonU la rein and rivet water itywftd* , n tfc* to ' *.*•.» * . v » 

min water paws* Is able to retain the *«uo«s*U. »*»• 4 -«« «4*> •* *• 0< 
sUnooa, sucli as phosphoric arid, i«U*sumi **5*a St J 

Tim water* of springs, river*, welio, mal if* if»n*iaJ <4 »h ■*• l «■*'-.*. <m J? 
taken fur drinking purpose*, may l** u»jurt -u» t> b**ith »f «s *. i.w* 
pollution, the worn at* w* in ettrh water Hi" to»e? »*»..» 
develop, anti these organism# often ®*n*» tb» »-*«»«*» ! »*.{«• 

For inataneo, certain patbot»at» t<!iwnM*|4» <•)»*»*) i*» wtu *»« V-- * 
typhoid, the Siberian plague, and rdkdcna Ttaanhe to U>» i. f 1 ' Sf-H^tCWl 
Koch, wad many othgt*, wtia prwHtvoe »f ha» »»*»U n^b»* u»»ti« 1 , 

possible to Investigate the number and pr»p*rto«*-4 s?.« «»««-..* >». «*ni 
logical researches a geiatfnun# medium m whirl* tt* gwrm* *•**» -U-* *; p •**■• t !j> mi 
prepared with gelatin ami water, wUnh l*a» $if»vv<t»*ly to*»*» »' S iU iin,**, a* 

Intervals, to UW (it ia thus twvderwl *terttsN«ihftl U kn e*y, «Ui U» *»< «, 0 
The water to be inveatigaWd la *44*4 t»» Uu* pr«}»suf*ot 

quantity («am«UtaM diluted with atertliaod mh*i to f*c.4ii«u «*« ,■*; t, - 1 itw 
number of genua), it it protected fr*w* du»4 fwhwh >. a», i >* )<,fi t««t 

ontU whole famUiei of lower organ! ftm« ar*» «Wr*l {e»f few mw 4> *»r*:* ti-®** f*««i4M»a 

(ooloniea) are visible to the naked ay# (a* *pnt»j. Ot»y may b® «vei*»-1. «-4 J-y «iai»mmg 
them under the mionttoopa and obaarring th» mtiutor <4 .<ry«n«**»a th<=» t r*U. D im 
eignlfloanee may be determined. The majority «f tw**»na sMh* tvifS SK«t«t 4^ 

decidedly paldmgtmlo bacteria, who*e prwaetme U m»**4 ib» «*««« j *»,.} ..f 

eproad of certain dim#®*, The nomtwr <4 Uetert* ill ‘bar V-«4lvltr.»»l#» > I ^ i%5®f 

eometlmea attains the Immenae figure* wf h»n,tf«4« «*4 % B<9ain 

well, epring, ami river water* emUka v«ry Jew Wetcm, a4 ,4 *i» f»«« tvm 
producing bacteria under ordinary dreumaiuw** )iy to 4*04 *«ui, 1^. 1*. *x,,» ,« ii 
arc killed, but the organic omttor iweewury f<*r th»4» kh»«th bm«ot »» in« 

The best kinds of water for drinking ptirptww* 4., u»t m^ew ttou, t»», t«.s , »a, in 

a oubia oontimetre. 

Ti>o amount of gam** ditteolvwl in river water i» mmb m-w* s ,»5^.i sW> shat .4 :s» 
solid fionatituouU, One litre, or l,W*0 <v« , *4 wai*r neWi:* *0 1.>< V* e *> .4 $■»» n-«»4i®ur®»t 
at normal temperature and prwwure, In wtator «»» 4 ga* »* gts*u« sw» >n 

summer or autumn. Awamlng that a Ubre m»Wm la «» *4 *•*>*. is »» a? «,4 *h,»w 4 

that th«M oonsiet, on an av«r^%ol «0 vela, of Mti^|w.«a *.4. .4 *+tb>+u. »>-x r -u»U 
(proceeding U all UkuUhood from the sod and i»t fr..«* am khwiU*.*. *a.t ,.f m * 4* 
0! oxygen. It- the total amount of gaw« b« haw, the MuwiMt g**«* *u;s «, ^to^is 
the same proportion ’, in many eases, however, mwtomso anhydride (mtatmto* Th« 
water of many deep and rapid river# contains to» cartomm <wt»y4rs4», *14 Jto«r 
tapid formation from ahaospherio wetor, end that they have » r «t during « k«g 

toli a W *h 0UrM ; to * «*■*». «b»4»*4. The a l*w 

0 oarbo nio anhydride, Itt o.o. of nitrogtn, mA 1 ■«. *4 psy tf «, kit* 5i« 

auSuvcf a S ftIH,USUU ^ lMa V^Pd*. »» *W*MS «w4 m 4fe» 

£ Of nWn ® parp<v *^ H k ****** wapiti to sfe» ~**|.*t 

non of the oiBsolved gmz, more <«jHw(aliy oayim 

’ S f > ? n P ™ aier ** * ormed bwm rain water pervniatttw it,,..,, -j, >,u* mri % w,«mn 4»* tt 
part of the rain water Is evaporated directly ^ Si 
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frosh, iron, and other waters. The presence o! about 3| per cent. 


vegetation on it. It has been shown that oat of 100 parts of water falling on the tsvth 
only 80 parts (low to the ocean ; the remaining 04 arts evaporated, or percolate far under- 
ground. After flowing underground along some Impervious titrate, water come* out at 
U\o eurfaoe in many places m springs, whoso temperature is determined by the depth 
from which the water haa flowed. Springs penetrating to a groat depth may boeom® 
considerably heated, aud this is why hot mineral springe, with a temperature of up to 
00° and higher, are often met with. When a spring water contains trab«taoo#ti wbWh 
endow it with a peculiar taste, and especially if these substance® are each as or# only 
found in minute quantities la river and other flowing water®, then the spring water U 
termed a mineral water . Many such water* are employed for medicinal purpose®. 
Mineral waters are classed according to their composition tnto—(a) aoltne waters, which 
often contain a large amount of common salt; (6) alkaline waters, which contain sodium 
carbonate ; (o) bitter waters, which contain magnesia ; (d) chalybeate waters, which hold 
Iron carbonate In solution; (e) unrated waters, which are rich in eorfooaki anhydride ; 
(/) sulphuretted waters, which contain hydrogen sulphide. Sulphuretted waters may be 
recognised by their smell of rotten eggs, and by their giving a black precipitate with load 
•alts, and also by their tarnishing silver objects, Aiirated waters, which contain an 
excess of carbonio anhydride, afferveeoe in the air, have a sharp taste, and redden litmus 
paper. Saline waters leave a largo residue of soluble solid matte# on evaporation, and 
have a salt taste. Chalybeate waters have an inky teste, and ore coloured block by an 
infusion of galls ; ou being exposed to the air they usually give a brown precipitate. 
Generally, the character of mineral waters Is mixed. In the table below the analyses 
arc given of oortoin mineral springs which ore valued for their medlolnal proposita*. 
The quantity of the substances is expressed In millionths by weight. 



I. flwrgleffsky, a sulphur water, Gov. of B*mar» (temp tr» C ), analysis by Clause. 
II OaUtanovodskya water source Nu. Ifl, near l'aMgapsk, Cawnasu* (temp fa 8 'n otwdyoto 
by Frltwehe. III. Abksamlmffaky, aUtaUns sulplmr suturon, I'aligorwk (tetttp. 4ft 8 \ 
av«rog« of analyses by Herman, Elnin and Fritssoba. IV ItemgnuntMukaky, rj^nna 
source, No. 17, Keaentoukah, Caucasus (temp. SI B‘ ), analysis by Fws*a#h*. V. Mgliee 
water, 8 termites*!, Gov. of Novgorod, analysis by NVlnbin, VI, Wet©# (mm artesian 
well at the buttery of slate papart, Ufc tVter»batg. analysts by btrove VII. ^*prii,lal 4 
CarloWl (temp. B8 7"). analysis t>y He radio*. VIII. Knawmeh spring |Kb®*#tq»«lteb 
Prooula (temp. H H"), analyst* by llauer IX, Kao d» Halts, N Ma e u, analysis by Umtf. 
X. Vichy water, France, amdyato by Iterthtwr and Pury. HI. I'kura**» 4a ftw*, N#* 
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of salts renders sea* witter 4 Lit tor t«> Uu» t^w mA m<-n«uk*a it a spixiQo 
gravity. Fresh water also <MUtnii»» «d?» 4 hut .mly m n i-.unpnr** 
tivoly small (quantity. Their preswemt uisv i«* « naity | fv. 4 Ly simply 
evaporating water in a vwwl. *»» ov<»j .-rato-n ilm pMsw* 

away as vapour, whilst, th» salu mo loft L. hud 'Urns n «)iv n t rust 
(incrustation), consisting of salts, pr«wj..u-dy in Muiu •■«, -L ’» — »*n 
tho insides of kettles or Wiloro, and «?h*r \»nr.. 1. t . "V.-h * »»>-r it 
boiled. Running water (rivers, Arc) i* .-hai^-’l *>iL »>*:*» '*»; # its 

being formed from tlm colhvtiuu of rain w*t« r p* t * d--- 5 *b« -ugh the 
soil. While porcolating, tin* water diss-dvo* oorPnn j >4 *h«« #•*»!. 

Thus water whieh fi 1 1 < 1 th or pn#**#* through »alsu»’ > ? * •.!• <tt« * >us ». -it* 
bocomos charged with salts or contains rah uuu i u! s. **«’ >«indk). 
Rain water and anew are much j»ur»»r than nv* r • r spring wau>r 
Nevertheless, in passing through ihoatnwtephprv, rmu «ml «..■» «tnv«w®ct 
In oatohing the dust held in it, and diswdvn mr, » ht * h m L und in overy 
water. Tho dissolved gsmn of the ittm»«»ph»Mv ere partly tLwngagwi, 
aa bubbles from water on heating, and water after Lmg L -ilmg is tpiite 


freed from thorn. 

In general terms water is called pure when It l» »dr»i «n 4 fr«« from 
insoluble partioles hold in lutpeiwiun and visible i«* the n«k <4 ny r, from 

< Sea wokreontelns mare nemwdaMU tmUm tk*. it,« >4 

freshwater. This is explained by the tmi tH»* to» water* fh>»4mf «•.!<■ sa» supply 

U with salts, and whilst a hugs quantity «t vapour t* gi«*» *>d tt> m the . < Um 

sea, too tails remain behind. Even U» ejweifW gravity *4 ««* *» n*,-tefebty 

from that ot pore water. It is generally *Wnt 1 W, Wt in tot* *#t4 **&*•» an t | k4 
itua omounfe ot mtUa oooWmcJ* p| «#* waM 1 £mu sltfU*«i»i 3 *V*a*«4 

dlfloroni depths oHar ratto mm^rk^bl# vaml*** ti **U l-» «urtw^ S 4 ^.,ui 
ilmt coo 00 bio ixitHrti of fttnn ® ik« t ■» 

quantity In pamaof *olid ootwUtototiW OuU et Wa»«>, tv.Ui. *», 

Si, 013; Maditarmvtsan, naas Ostia, 07,0*8; tW AtkMi» 0****k b«*>, ol.8»s i.. at,«v8, ib« 
Poolflo Oooan from 85,388 to W,7tW In 4o##4 mm* wbiah.4^ txa , » am, 

In wry distant oomtntmloation, wiUt U» mmn, the tb&ttrwma 4® «*»» «r.» *re«w,ur 
iho Caspian 8«a oootalus grmn® , tl,<* IUa an t Jutu 11. P > « '.•iawx-ii *»]i 

tonna tho ohiaf oon#Wta«nt of ti» mhm matter t4m*ut * <mm water . u,*.,* <n . m 
t»Mw» of wa water there are «M)OCMlljOOO pm of aamtmm «*ta, «4 

mngnoaiom ohleriite, l,90tH^00 pamt of wmm&imi 8»5|,k»K «.**** *?*»«»-* *4 

oateium sulphate, and 10-700 pam» of petetelew ®»>'4u,i .-I 

matter and of the salt* el ptomfkwte ««l«l in m* water k r*ry wwouhaite ite* ®®i*a 
(the oompoaitlon ot whieh i« partklly dieeiuMwd in Chapter X 1 u> u» 

ealtR of common ooeumnee, a, certain and mteute - t 

Momenta, oven gold mad »Uwr, and aa the miuw ef water <4 ih* **-*»^® •,» «< 
them ' trace# * of rare tmbatenoee amount te Urge qmmUttea •» that <t r» aJ u tk ®4 
to time method# will ho found Sto extract wwsMtmn water wbki, bt tmw i H * >4 sh*» 

rivers forms a vast rewmlr te toe nmmJpL^u ? STSmSl U-l ^ 

the earth's surface. Wao wo^s of loglteh, Amerteate (tew, 8Wi®f,, *ad 

'other navigators and ebservors prove that a study of toe eompmstoB* ®4 
only explains much to toe history of toe earth's We, but *» ^ ^ t^Wity t«*pm 
^dly since too researches of ObO. Makarofiof toe BuPatewtmr* iUhetM 
position to the ocean to too a&moe of other nsu,hr to«teM«, u a fag,wtoto*d«^ 
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which it may be freed by filtration through charcoal, sand, or porous 
(natural or artificial) stones, and when it possesses a ©loan froth taste. 
It depends on the absence of any taste, decomposing organic matter, 
on the quantity of air 6 and atmospheric gaacs in solution, and on the 
presence of mineral substances to tho amount Of about 800 gram* per 
ton (or 1000 kilograms per cubic metre, or, what is the same, 800 
milligrams to a kilogram or a litre of water), and of not more than 
100 grams of organic matter. 5 Such water is suitable for drinking and 

0 Tha taste of water is greatly dependent on tho quantity of diaaolvetl §w#s it ««** 
tabu. Them gases are given off on boiling, and H U well known that, ev»a when wM, 
boiled water lias, until It has absorbed gaseous substances from the atmetfjgMttb, quite a 
different taste from fresh water containing a considerable amount of gas. The diwdived 

C a, especially oxygen and carbonic anhydride, have an Important influence on the 
th, The following instance la very toatruetlve to title respeet. The Qreaolla artesian 
well at Paris, when first opened, supplied a water which had an Injurious effect on men 
end animals. It appeared that thin water did not contain oxygon, and was to general 
vory poor to gases. Ao soon at It was mode to fall to a cascade, by which it absorbed air, 
it proved quite fit for consumption. In long sea voyages fresh water ie sometimes not 
taken at all, or only taker! In a small quantity, because It spoils by keeping, and becomes 
putrid from tho organ lo matter it contains undergoing decomposition. Fresh water may 
be obtained directly from eea-watcr by distillation. The distilled water no longer contains 
oca colts, and is therefore fit for consumption, but it Is very teetelewi and hoe the pro. 
parties of boiled water. In order to render it palatable certain salts, which are usually held 
to fresh water, are added to It, and it is rootle to flow in thin streams exposed to the ait 
to order that it may booomo saturated with the component parte of the atmosphere-, 
that is, absorb gases. 

« Hard •water Is such as contains much mineral matter, and eepoetohy a large pro* 
portion of calcium salts. Bueh water, owing to tire amount of lime It contains, does not 
form a lather with soap, prevents vegetables boiled in It from softening properly, and 
forms a large amount of Incrustation on vessels to which it to boiled. Wh ea of a high 
degree of hardness, It is Injurious for drinking purpose#, which is evident from the (mb 
that to several large cities the death-rate has been found to decrease after introducing a 
eoft water to tho place of a hard water. Putrid water contains a eonaiderabb* quantity 
of decomposing organic matter, chiefly vegetable, but to populated district#, especially In 
towns, chiefly animal remains. Such water acquiree an unpleasant smell and taste, by 
which stagnant bog water and the water o 4 certain walk to inhabited districts are par- 
tloularly elioraoterlsed. Water of this kind Is especially injurious at a period of epbtemie. 
It may bo partially purified by being paewnl through charcoal, which retains the putrid 
and certain organic substance**, and also certain mineral substanwH*. Turbid water m'tvy 
ho purified to a certain extent by tho addition of alum, which aids, after standing »omp 
time, Uio formation of a ftmllintent. Goody's fluid (potasaltuu permanganate) ia another 
means of purifying putrid water. A aolutlon of this sulmtanco, even if very dilute, ia <rf 
a red colour ; on adding It to a putrid water, the permanganate oxidise* and dt*froys tho 
organic matter. When added to water to such a quantity as to import to it an almost 
Imperceptible rose colour it destroys inrush of the org^nte eutetanoes it mrtatea. It |» 
especially salutary to arid a email quantity of Goody's fluid to impure water to Itawd 
epidemic, 

Tim presence to water of one gram per hire, or 1,000 grams taw outdo metre, of any 
eubatsuico whatwHiver, renders it unfit and even injurious* fear e«»»«pite» by u»i.»)^ 
and this whether organic or mineral matter ptedemteatan. The ptueemte «t 1 ya sf 
ehterithm makes water quite salt, and produces thirst instate! of mom agtog ft, 
prcfionee of mafucstum ealte to meet unpleasant j they toms a dtoogi^bfe touts Mat*#, 



sort#©. A ehmuwUy pur* wti*r i* tnewnwafy n**i only f^r skiers tltl<$ 
purpttsott, m am suHaUnrw mnstenl an*l ttefmlt* 

proportion, hut fur many pr*rUai! pttrj>*»«vi f>r tn»ten«\ in photo* 
graphy ami in the preparation «f ro*4n»n«w Wanan many proportfo* 
ot 8ubt*ta.no«# iu noluilon aw rh*ng*4 by Urn unpurttec* ».f n&inmj 
waters. Water is uaually puriftod by dntelUte.m, ib*> *»»U*| 

iub»tanc«« In flotation aw nut tran*fi»rm«-J ««<** ir» »n !i»> pro****. 
Suoh ( Ustittcd water is pr**p*rod by rh<'»i)»u **»l m tete.raterk* by 
boiling water in dotted utoteUte taster* «»r aJiita, A»d » sst#»r.j th« «tmiu 
productxl to pats into a mmten w»r - that t«» through f.ot«a {» hu t» should 
1)0 matin of tin, or, at all ovunis, Monod, *» water an I »t» tiupumi** 
do not mat on tin) flurrmi»d«4 by «oM water, »n<l In *• hu h th« steam, 
being ©rolfid, ocmdwwiM Into water which la r.4W««t f in a rtxrh-er, 
By «tendlag ixjKWtid to thu stmc»pb*f>w, h«*w<f*<w, fh*» water in fun# 
absorb* air, and doit carnet) in th» air Np*«rth*>te**» 4« 4i*fiU*ltntt' 
water retain*, tteckbw air, a rwrtain quantify of votetete ttupurilte* 
(especially organic) ami tb« wall* nf ih«4tetiU*ti<»n «j-.j>*ratu* *»r*» partly 

and, to test, tapart to m» water it# !»**» a hi#* •**■*»% <4 t,.-.i **«*» i» *«tf 

found to impure water, «4 4s awMtty i nfanmAm tt»f way w-tewt* W*» iwmmmw atf 

d&compotittg etgtrnk matter. 

1 DisUllte water way te {eeparmh *«r tattiM** is <'». WitlM# IS) 0 

metal still with worm eeedeeW Cft« 41 w eu a *»%tt ***te *» u«* taw*%te*y t*> * ,§$»#* 
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corroded by the water, and a portion, although small, of their substance 
renders tho water not entirely pure, and a residue is left on evaporation.® 
For certain physical and chemical researches, however, it is necessary 
to have perfectly pure water. To obtain it, a solution of potassium 
permanganate is added to distilled water until tho whole i« a light rose 
colour By this means tho organic matter in the water is destroyed 
(converted into gases or non-volatile substances). An excess of potas- 
sium permanganate does no harm, because in tho next distillation it is 
loft behind in tho distillation apparatus. The second distillation should 
talco place m a platinum retort with a platinum receiver. Platinum i« 
a metal which is not acted on either by air or water, and therefore 
nothing passes from it into the water. The water obtained in tho 
receiver still contains air. It must then be boiled for a long time, and 
afterwards cooled in avaouum under the receiver of an air pump. Pure 
water does not leave any residue on evaporation ; does not in the least 
change, however long it be kept ,* does not decompoa© like water only 

retort (flg- fi) limited by u lamp. Fig. 6 illufltratoft tho main parts of the usual glues 
laboratory apparatus used tor distillation. Tho Btoam I musing from tho retort (op tho 



I? iff. 6s ~ niHtltlutlrm from « ghuw rrtert, Th« rw'fc of th« rrtm-t at* Into the loner tuh« of the 
IdcWg’it rutulenwir. The epw'i* totweett tint Inner am! mtun* tub® of tint pnmlrn*er It ailed with 
cold water, which outers by the tube g arid Sows out at/. 

right-hand Bithi) paimm through a glass tube aurrminded by a larger tub#, through which 
a stream of cold water pawoa, by which Urn steam la comlautod ami mas late ft m&riwm 
(on the left-hand aide). 

8 One of Lavolftitrr'a first memoir* (1770) referred to thia ijiiontioa. K# hwwrtlp,* * 
the formation of the earthy rwmUnt in the dnrtdloUon of water m order to prove whet 
It ww pmunhfe, tut was affirmed, to convert water late earth, ami he feast! that %o& 
residin' wan produced by the action of water m the aides of the vessel If, estl 

not from the water UeeU. Ho primal this to he the ease by threet weighing. 


% 
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or oft distilled or impure ; «t« 1 It tl<»« nm M** nf gM t»n hwttla^ 

nor din>8 it clmngo thr culmtr id » *»# J *u»iutii ^rmangjumte, 

Water, purified a» akivo iWnbal, Ua« ounateitl /‘AysxW 
cAdwteVfd j’ftyurf t tea, 1* «.‘f itmUmof*, it 1® *4 an* h w a tr f * idy tliat otto 
Cttbio oooUmutro weighs <m« gram at 4 > «. it ndy atu-H pun 

■water whoso ipeeific gravity rijuaU l at i t * •' W*»i**r m a *«4*4 state 
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generally onnsiaUs nf aurlike t\mum «*f spiral «*ry«t*U, end *Uo | n 
the half BCAtterod it» theaUu# «>*» river# in Imw At 

this time of the year tlm ico »pht» up into #}**n* **r pn*j;»&. t minded by 
angles proper to smitayint'rs rryautlhaint? o> th«- ho nytti-m 

Tlio tempmtimw at which water pA*»r^ fr*>m ••»,*■> i-» another 

ere taken an filial points tm the th**rn>< motor w*b-- , unniriy, t\w t#m 
enrrespnnds with the temperature of aMring t>-<\ at*.} the tmij. ratum 
of the steam dUrngnffed frow wat*?r tMhng at iV normal W-unotHo 
pre**ure (that i-i 7 fit) millimetre® m«w«ira4 at »*', a* 1 5 > UtU .i«h of 45% 
at the fee level) i« taken v* IK 1 * of th« fVlatu* ftcalr Thus, the f«4 
that water lifjuefma at Q ,! and bAjl* at tik> u ukrti m mw of iu 
properties as a definite chemical compound Th*> weight of a litra of 
water at 4 n is 1,(H*0 grarot, at 0 s If h kiik-M gram* Tbr= weight of a 
litre «l ice at 0* Is !e»~» namely, 017 patn* ; tbo weight of th« «sun« 
cubic mwure fi? water vapour at 760 mm prrmnm and lf««* i# only 
O’fiO gram j the dmwity of the rajanur compaml with air ** u $f, and 
compared with hydrogen m 0, 

Those data briefly oHaraetorivo the pbyuteal pmj-w«k* of m 
a separate auVistanen, Tp thin may bn Mml that wak t# a mobile 
liquid, colourlest, transparent. without UM# nr B«m*h Ac Ju latent 
heat of vcpodsatlon l* 634 units. «f Uquef*M‘ticm TO unit* of heat 1 ' 
The large amount of boat tterfd up In water raj*»ur and a ten in 


orysWHna tom iterufore afford* oar «4 ibn e»«s «WMtoM!k* h* i 

definite ekwalnJ waapoaada Tb* »te?»®uW nf wbwt* mm^y* it* » 

udanftft Should ba twnftfer to all tfhu rhwfi* v, »«wk tfi> «ri4v*vUlM k rK«StStt* %tf tn 

thSfl work wa uhril only hare tmtAkm ki <4 « to rryvtattto tefW**, »«:»*»» *4 Which 
two ahowri in fig*. 0 to H. 

11 Of all known Liquid*, water MtUbtfo tte paste*! mkmtte# «4 f**t*«to t»<to4. 
R«0(wa# to ft poftto height te (MpUkry tetea Ovw, aitw buakfo * t-e !<ws? iMwa tw-». w»rf! 
half times ns high ft* alwiluvl, marly item tta»* m m w, a mu*h #n«4 

hal^ht than (41 of vf feric «i. hit. Xu a tote oaauua to4> MwiW ,*f»M *t tr n«ss#*pf» is a tsa 
tneftsurtug town tte tetght (4 Uh> Uqsid k» lww«tteF## c 4 tte tet^fcs *4 th» «tHNai*awa, « 

at 100° it riwft 11*6 f&B». The oohsason v»rkw *wf uMbwaaly wtu< U*» , th 

at 50 thn height el th# caplttwy set etna afari* Its m Mtte I*, ite i 

toi ttaifomiir b twt dMtmfW) «*«» at ti*t>r«r«iwe* m 

f imeisg point, and Wc* ft ftw| W mm ai^l tl«*i at Kt^fs *> 

onlin&ry tanipcfaturrfti t hat ta. tfo> m Bwrwiw” th»e»4«4m 

lVm Wa ° 1 ,v 8 ^ ^ of Ik* WdMM M «WW bill • f*»! 

Jv w * T L < ™J W *^* 4 at Ow’Sft high UK)t>»*hw the «* 4 toMs» t «»*»«*•... U, ® 

.... alrnoat nil Only oortaln («al wmuxwnaa an4 irthlow* «h 

JJJJJl jJ t„w ^ ^ «*«»» ®WM* ^ «M«r, rta* t,Mto ffoa pum water 

S»i^em(Uh«nbS - awnir .4 U4h 
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liquid wator (for Its speolflo heat is greater than that of other liquids) 
renders it available id both forms for heating purposes. The chemical 

*• 1-010, at 80° ® 1-089, and at 100° » 1’078. Tho gpeciilo hoat of wator I® greater than 
that of any other known liquid { for example, tha specific heat of alcohol at 0° is O'Bfr— 
the quantity of hoat which raises 80 ports of water 1° raison 10Q parts of alcohol 1°. 
Tbo ®p©6iflo boat of oil of turpentine at 0° is 0'41, of ether Q-60, of acotio acid 0*5274, of 
more ary O'OSS. Honoo wator is tho bo»t condenser or absorber of hoat. This property 
of wator ha>8 an Important significance in practice and in nature. Wator procontu rapid 
cooling or boating, and thus tampers cold and heat. The specific heats of ice and 
aqueous vapour aro much less than that of water ; namely, that of lc& is 0-604, and 
of steam 0-48. 

With an incroaso In presume equal to one atmosphere, the eomproimibility of water 
(mo Note 0) Is 0-000047, of maroury 0-0000085SJ, of ether 0-00019 at 0°, of alcohol at lft" 
0-000098. Tbo addition of various substances to water generally doorcases both its 
compressibility and oohasiota Tho oomprcsslblllty of other liquids increases with a rise 
of temperature, but for water it decreases up to 88" and than inoreatfes like other liquid* 
The mpemdon of water by boat (Note 0) also exhibits many peculiarities which aro 
not found In other liquids. The expansion of water at low temperatures is very small 
compared with other liquids ; at 4" it is almost sere, and at 109" it is equal to 0 0008 1 
below 4* it Is negative— i.«. -water on oooliag then expends, and does not deoraose in 
volume. In passing into a solid state, tho specific gravity of water deermaw} at 0" one 
ox), of wator weigh » 0-009887 grain, and ono c.o. of ice at the same temperature weight* 
only 0-0.178 grain. Tho ioo formed, however, contracts on cooling like tho majority of 
othoT substances. Thus 100 volumes of ico are produced from 0-J volumes of wotar — that 
Is, wator expands considerably on freezing, which fact determines a nuinK&r of natural 
phenomena. The freezing point of water fail a with an increase iu prtUMure (0-007° per 
atmosphere), because iu freezing water expands (Thomson), whU&t with substances which 
contract in solidifying tho melting point rhpi with an Increase in pressure ; thus, paraffin 
under one atmosphere molts at 48", and under 100 atmospheres at 49" 

When liquid water passes into vapour, the cohesion of its particles must be destroyed, 
as tho particles are removed to «uoh a distance from each other that their mutual 
attraction no longer exhibits any influence, As tho cohesion of aqueous particles varies 
at different temperature®, tho quantity of heal which is expended in overcoming this 
oohoslon— or tho latent heat of eoajioratuin—wlU for this reason alone he different at 
different temperatures, (tho quantity of heat which i# consumed In the transformation 
<rf one part by weight of water, at different temperatures, Into vapour was determined by 
Repiamt with great accuracy. His researches allowed that one part by weight ©f water 
at 0", in passing Into vapour having a temperature 4®, wssmsi 608-6 * 6*8064 units of 
hoat, at 80" 021-7, at 100® 087-0, at 150" 082*8, and at 200® 607-8. Iiufe thin quantity 
inolutlos also tlm quantity of heat required for heating the water from 0" to i,#> 
besldea the latent heat of evaporation, also that heat which t» used in heating the water 
in a liquid state to a temjioruturo S' On deducting this amount of heat, wo obtain th© 
latent heat of evaporation of water as 006-0 at 0", 871 at 60", 684 at 100 4M4 at 160", and 
only 488 at 1100", which shows that the conversion of water at different temperatures into 
vapour at a constant temperature require# very different quantities of heat. This is 
chiefly dependent on the difference of the eohwrfoH of water at different temperatures j 
the oobeskm is greater at low than at high temperature®, and therefore at low tew* 
peratures & greater quantity of heat is required to overcome the cohesion. On comparing 
those quiuititioa of heat, it will be observed that they deoreeae rather aiuforffily, ttfliooly 
their difference between 0° and 100" i» 78, and between 100 s and W* Isfl unite ©f foot. 
From this* we may conclude that this variation will b® approximately tho mm* for high 
temperature# also, and therefor© that no beat would be required for the eon version 
at water Into vapour at a temperature of about 400 . At thia temperature, water 
passes hate vapour whatever bo the pressure («© Chap. II. Th© absolute boiling point 
of water, according to Dewar, la 870®, the critical pressure 186 itte»&»ph«r«e). It mate 
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reactions which water undergo#*!, and h j hm»m of whkih It h 

are so numerous, and so oltwely allied to the motion* of many oibar 

hero be remarked that water, la predentin* a greater r*dw*(mj, iwjmIom a Imgm qiwutity 
of heat for Ha conversion into vapour than other liquid*. Th»« *U*»bd wmeome* *3% 
ether 00, terpentine 70, units of heat in their rmtventhw into V»p««r 

The whole amount of heat which is consumed in the ennmwtott »4 wtor Into vapawr 
la not used la overcoming the cohesion -.‘hat l*, In internal «< MNomphshad In the 
liquid. A part of thin heat is employed In moving lit* aqnetrn* to f,v% 

aqueous vapour at 100® wm pirns a volume l.ftSt times greater than that at water (at the 
drdinary pressure), eouaequenUy a portion (4 the heel or w»-*tk 1* employed to Idling the 
aqueous particle*, in overcoming pressure, i>r in MUmni w**th, *ht*h way W «»* tolly 
employed, and which in bo employed In steam enginea In imW to rtwtonwiw* lh« work, 
let ub consider the varlatltm of the masimum yn>*m*ev nr wtfxHtr •»/ Hmm <* 

different temperatures. Tim observation* of ItojpmuU in tide fswjwrt, mm tm lisw p». 
coding, dowtrvn special aU<m lints from thrir twmprebmsrtvwswiw and wsaney Tt» 
preeeure or tension at aqueous vapour tempsfwuuw* t» g»*«» in *to» 


The table shows the boiling print* at water at different Tims on Uh 

cummit of Mont Blanc, where the average pressure U aht«#t**§4 *»*&, water tell* rit 
fli'd'. In a rarefied atmosphere water bods even al the «dtt»arjf temperater**, tint In 
evaporating it absorbs heat from the neighbouring parte, ami therefore *5 betum** miA 
and may even frees® if the pressure does not #hm»* 4 * g tw», wad eepncielly If tiw vap»«w 
be rapidly absorbed as it is formed. Oil at vttfbd, wfeteh *W*tm ll» fttyttmata tspstt, ta 
used toe this purpose. Thus lee may be obtowd arUSeMlly M Us#* ewdumry tempefalw* 
with tiia aid of an air pomp, This table of the tewnoti *4 a«jn«<-ne ».§•«»# <4»*» *h»»w» th» 
temperature of water contained in a rioted boiler tf tim at t tm «♦»»* forWHst ha 


trqrp a briber, Thus steam having a temp#r*dt*r«t *4 


M#* «*#te 
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•ttbstances, that it is impossible to describe the majority of them at 
this early stage of chemical exposition. We shall become acquainted 

what height does the piston rise under these circumstances? that is, in other words, What 
is the volume occupied by the Bteam under a known pressure ? For this we must know 
the weight of a cubic centimetre of steam at various temperatures. It has been shown 
by experiment that the density of steam, which does not saturate a space, varies very 
inconsiderably at all possible pressures, and is nine times the density of hydrogen under 
similar conditions. Steam which saturates a space varies in density at different tem» 
peratures, but this difference is very small, and its average density with reference to ait 
is 0*64 We will employ this number in our calculation, and will calculate what volume 
the steam occupies at 100° One ctfbio centimetre of air at 0° and 760 mm. weigh? 

0*001298 gram, at 100° and under the same pressure it trill weigh aa ® or about 

® t*S68 

0*000946 gram, and consequently one cubic centimetre of steam whose density is 0*64 
will weigh 0*000606 gram at 100°, and therefore one gram of aqueous vapour will occupy 
a volume of about 1,668 o.©. Consequently, the piston in (he cylinder of 1 sq. cm. sec* 
tional area, and in which the water occupied a height of 1 cm, will be raised 1,658 cm. 
on the conversion of this water into steam. This piston, as has been mentioned, weighs 
1,088 grams, therefore the external work of the tteam — that is, that work which the 
water does in its conversion into steam at 100 ‘—is equal to lifting a piston weighing 
1,088 grams to a height of 1,638 cm, or 17*07 kilogram-metres of work — i~e. is capable cu 
lifting 17 kilograms 1 metre, or 1 kilogram 17 metres. One gram of water requires far 
its conversion into steam 684 gram unite of beat or 0*584 kilogram unit of heat— i.e. the 
quantity of heat absorbed in the evaporation of one gram af water is equal to the quan* 
tity of heat which is capable of heating 1 kilogram of water 0*584°. Each unit of beat, 
as has been shown by accurate experiment, is capable of doing 484 kilogram-metres of 
work. Hence, in evaporating, one gram of water expends 424 * 0*684 =* (almost) 227 
kilogram-metres of work. The external work was found to be only 17 kilogram-metre^ 
therefore 210 kilogram-metres are eo^pended in overcoming the internal cohesion of the 
aqueous p&rticlea, and consequently about 82 p. a. of the total heat or work is consumed 
in overcoming the internal cohesion. The f (flowing figures are thus caloulated apptoxl* 
raately : — 


Temperature 

Total work of 
evaporation Id 
kilogram-metres 

External work of 
vapour In 
kilogram -metres 

Internal 
work of vapour 

0° 

255 

18 

242 

60° 

24a 

U 


100° 

226 

If 

209 

150° 

209 

19 

180 

200° 

192 

80 

172 


The work necessary for overcoming the internal cohesion of water in its passage into 
vapour decreases with the rise in temperature — that is, corresponds with the decrease Of 
cohesion j and, in fact, the variations which take place In this case are very similar ' 
those which are observed In the heights to wlrioh water vises in capillary tubes 
different temperatures. It is evident, therefore, that the amount of external*- — 
termed, useful— work which water can supply by its evaporation is very sms’ 
with the amount which it expends in its conversion into vapour. 

In considering certain phy Bico-mochanical properties of wp te ~ 
their importance for theory and practice, hut also their pure* 

(t is evident from the above considerations that even in 

greatest part of the work done is employed in overcomes vuuouyu, ***** «****“ «** w "v 
mons amount of internal energy must be expended in overOt ning oh« meal iri* **f 
affinity- I4 , 

*4 
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'with many of (hew afterward*, but *1 prrwmt •«* shall only cUcecrtida 

oompnumb formrd by watur, tn «rd«r b* w ill* natur* of 

the various Jund* of ro**»pi*»mda f.*mr4 by w*t*u '•«' *dl with 

the most fVrblr, which am* drWrmmmi by | unely iuc. haute *1 sujwrJicial 
propertir* of tin* reacting atiMane*-* i! 

Water is anwhatiteidly attra**t«l by want » tt adbrr** to 

thdf wtrfactMi jtt*t a* duat w»Uwrr« i«* is. «<<■ «*»*« § *< t ** *4 
glAHH adhere# to another. 8tirl»*ttr*«i.**n »• u>rm«-«i * »wnbitm^‘ 4 «a*k> 
lug,* or * absorption of water.* Thu* water »«, .«<*•-»>» drat* #!«*« awl 
Wiliere* tn its surface, in at*a»*tt«"-4 by lb* *=*»» t, an*i »l<*y, and d«ca 
Dot flow uwuV from lhcu», but b dg^* tl*<df t«-i **«•.»» l!>nr parlttdM, 
Bimllarly, water Kmks into a »{«wgp, rh»th, b»*t, »*r p*j*r, Ae , but f«| 
and grouty auiratainroi in getwr*! *»» no* »«>••» »U'o<-.4 Attracimn of 
this kind dot* not altar Uw» physical «r clrom. »1 |>mtj«rrtuwi *4 water. 
For Inatnnom under thew» circumstance* water, a* t* hi* »w« fmtti *»*wry« 
day experience, umy Ik* exj*U«*4 fr*un object®, by drying Water which 
is in any way hold mech&nteaity tony t**» dUab*4gsd by tmahauical 
mean*, by friction, pmsurt, centrifugal for**. Ac Tints water i» 
•quetaed from wot cloth by pranauro **r centrifugal !.?»** » But 
which in practice nra called dry (Wrau«# they «!•• nut f«4 w»t) 
oftuu itift eoaUio mntatur*. w tuny W j»r.*tr4 by ! the object 

In a gksa tub* elwod at one eml. By idacing a j s*** r. *4 papur, dry 
uarth, or any simitar object (espe* billy p**r«u» ««!■****»< r*t m aurh a 
glass tubt> and heating that pari of the tub* where the **bj«-vi m **(»«• 
tod, It wlU b« remarked that water cuml*tMte« on the * »«4«» }«<iti<»i>s **f 
the tube. This presence of atiefe »l»«l*ni, or • by *'}•»«•/ watrr ttt 
generally heist datuctud in nonvolatile aulwUttcre by 4ry»«>g tbew »t 
100 s , or under the rteeiver of an air pump and tour *uki»»»r* whtrh 


** Wliwt ft in aweiwary W heat a ruaWlwrsJ >*i» a>ata «*t t« .|i#*f«isS it 

weald be rwy eeae<ttteBiiKil t *» naJw a*»* t4 puWltd *h4 #.-•> ** ■*.»]***■ t « wcjw**'* 
twwtea tm aaeb; eMh amm *w wattMailjr M wA t« itueu f«w» * t--4®r 

in taWxittCKti f»W th*s Ikjwd, «r, te Mm %hm tmtmi mhh h *t t* k. l«t, 

the Item, hr tMntei»i«ad fete * l^ard !««* ®i«» o* u«*»o >»»«. »#»4 

a* ttife fe vmm9btmi»k a «matl gwwiity «t *mm w«U t*«ung 

eflwh - Mb Uw^mtA, fee hertan c a, to fc«t ijuw iufe« u •*w f m M S»» »« W, «Wh 
m,m MU* d hmt, «! tw> I, J «*4 h.»« *w .«ter 
hrotn * belfer. E««sh kikigm-m »| water at Ml 4 mMi«« Ml tthiU »>l It«I, «*s4 «yeh 
at ftew M WU" My s «*ia «f hwH | tfewwfc-^ rarh tih ^rwut «>f *U*»» 

Ift eeeliug to 60® |i*re« up Nf untta ef h»rt, m4 t:s fc4«>» *4 *»» 

eapivble of hwAtag WW of water tram W» to Mr*. W*te» u «ry *«*-» l.*r 
WUag to eliwUed S*»r tim papam iwteUfe »«***i» 

’ ^rm W , They we 4«w4 by a wt*r Ih(im 4 *4 rteg*. tyrng n» 

boh w twnwt t !« .w» «new 

toSr ^ 01 *• ^ ^ ^ h*t^ tfe* s «i*te m. e# 
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attract water chemically. By weighing a substance before and afkwr 
drying, it is easy to determine the amount of hygroscopic water from 
the loss in weight. 1 * Only in this case the amount of water must bo 

iJ in order bo dry way substance at about 100°— that b, at the boUiag point of water 
(hygroeooplfl water paeses off at thk temperature}— nu apparatus called a • dryinjpttvtm * 

{a employed. It couBiste of a double copper bos; water i« pournl into the sparse 
between the Internal and e stomal boxes, and the oceu i« then heated over a ttteve nr by 
any other mean*, or elpe steam from a holler i» pawed tolwoen the wall* of the two 
boxoa. When the water boflsi, the temporalur® Inside the Inner box will be approximately 
100° 0. The substance to be dried 1« placed Inside the oven, and the fibwr i# cIomkL 
Several bole* are out In tlio door to allow the free passaips of air, 4l«eh eaniM off tbs 
aqueous vapour by the chimney on the top of the oven. Often, tewver, d«ibMait«t I* 
carried on hi copper ovemi heated directly over a lamp (%, Id). In this «m@ My dstdred 



PlC. tS.“*tin>tns own, emm posed of hrasrd roMgr Is to h«#t«4 Oy a fte*> »*j «et fe 

t» pUunai Mi lhti lt}*14e t tnifVen The thlWMot MbtUn t}« UeapweMcn* 

temporattire may l*e obtained, which is determined by a iWrm< n,«tr« |S»«4 to a •peetaj 
orifice. There are inUhnm which only part with Uxmv *«t»i «t h h»#H*r 

temperature than loo**, and than «wh air hatha *r» vary ®*»tel t»» »•*!•» t» u».ter®Aj**» 
directly the amount of water (m a substance which *!«** not pat* whs anything «»*wf 4 
water at a m\ Heat, the auhataoe* i* planed t« a telt teW It y Rial washing p,» iste 
empty and khan with the a»b*teitf« to He M in a, th» «w»»f hi *4 ih» ukm «mf 

be found, Tbs tube f» thm wx u n te nl m ante with « *** te4d*r full mi 
opening a ntefMMwk, pawn* 6m through a ttmti containing Mpbttrt* •#**. m& Hews mm 
a voBwsl containing lump* of purok® stone m«a»trn*4 with eatftewte wrtet in §«**»*§ 
throng h thnan voroela the air m ih«r*>Bgb»» dted, having given mp nil Ite *n«* 4 tu» tm ihm 
aulpbtmc sold. Thus dry air will paa* into tbn Mb trttea mi m bfipwwMftt «wrte*ls 
twttraly given op from a •tttatane# in dry air «v«« at Dm enNmrf mm, s*s# *\M 

««*» raptdly m tatting, the moisture &vm wp by th» astataurte to Hw tete wil tot 
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like tho receiver of an air pomp, should be hermetically closed. In 

this case desiccation taken place j because sulphuric add, for instance, 

first dries the air in the bell jar by absorbing it® moisture, the substance 

to be dried then parti with its moisture to the dry air, from which it is 
again absorbed by the sulphuric add, &o. Desiccation proceeds still 
better under the receiver of an air pump, for then the aqueous vapour 
is formed more quickly than in a bell jar full of air. 

From what has been said atom, it is evident that the transference 
of moisture hi gas©® and the absorption of hygroscopic moisture present 
great resemblance to, but still art not, chemical combinations with 
water. Water, when combined as hygroscopic water, dots not lose its 
properties and does not form new substance**' 6 

The attraction of water for substances which dissolve In It is of a 
different character. In th® solution of substances in water there pro- 
ceeds a peculiar kind of indefinite combination ; a new homogeneous 
substance is formed from the two uubsUacfi* taken. But her* alio th© 
bond connecting the eubutanccs is wry unstable. Water containing 
different substances in solution t toils at a temperature near to iti usual 
boiling point. From the solution of *iul«iamsei» which are lighter than 
water itself, there are obtained solutions of a lew density than water— 
an, for example, in the solution of alcohol in water j whilst a heavier 
substance in dissolving In water give* it a higher spsdfl© gravity. 
Thus salt water is heavier than fresh.' 6 

We will consider mpmmtt mdutuma somewhat fully, because, among 
other reasons, solutions are constantly btlng formed on tho earth and 
in the water* of the earth, in plants and to animals, to ©homiest pro* 
omsm and in th© arts, and these aototkma pky an Important part to 
the chemical tranafurtitattons which mm everywhere taking pl«t, not 

SImpt, in |||§ |»i|, tiMa fcy jpjtahcfam hS^nni 

in lw Tte (irwmn «f to l wiHw i tan hi by eonttnf tits tpp# 

p*»rti(m i»f Uto iIksh ami m tjMtwi ieg oi.wt iWcncuttaf white 

Shs» «)>j‘»,mtu© 

n ('UnjtjtMin, Itmwwr, iU(«Tmii>«Kl lUv to watting t gmtn r>f »lw««t with water 1 t»nU# 
at tea.?. wn «vc4vmt, ami mi pmwrUqi wUm mm 1 psw»t ,4 rttaruM**® m tastdl 

w salt* «f bmt m*> **f4*M, Alumim if p««f, whm tauMea»4 wot* water, e««)rM 
$4 eslnrisMi. This iki la to *4 tnwU MuMwalag nirvaffy 

pw w mw to a tnuMtoas tnwsntft swllwiisl wuuhti ist s w s fti*» host is itwir 

toMMUM), 

w fttawg ssstk » *14 CCflt«0#t »b*w» «#»<»* RMtity «& il*’ t» 1 sm, 4mm m Immm 
llfhtsr m tbs mMftm at «<a*# fa n#hi»r wteaw «s, up. gr »©*®if, test twartar, tib iMl 
a »i4nnofl of m parts of ftxwtift wrftl »»4 f ® fsta «f waSar tern a sfartA* partly «4 1 tit 
*»4 wat a ftwIwMww nf *,(«*) {•«• *4 m»W »*t4 **4 wsSHT (M p«) has* ip- gr. of t ©th 

wfeteh (« at til greater tiiftti Ihftl «sf arette wrfel ilftftlf. TtU* 4«t| tbs lri|h ilsfim «f CVti* 

tsMtsn v»M»tt t»k»* \\m » wtt MwVkw. t» tart, ftftferttas»"Hk&&, 
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tb© properties of subtiwett, particular iMtatfuit should bo mkl to 
tow relation to water « & solvent. 

It it veil known that water diaaolvei m%m »uh*t«iw«t. Hall, 
Wgif. olmhol, and 4 nnmbw ol otlnt wbatiuicM, duu)>n in w»t« «nd 

tora homogSMOM lKpitd. with It, To <W*,»t» thu toMnluy „l 

rnhSmi.^'iS!’ Ao<Ul1 ** tak * wtot ,tM * high unOdmit of 

r C J ” **’ M ia *** 14 )» w W«b *» pnwioMbr ftlitd with ttmtmrv 
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only Watts® water k everywhere tw* with, bet ebi«% Want# a tub* 
stano© b eolation present® the »wi favourable conditions for tbt 
process of ehemkid change*, which require a mobility of j%rt» and a 
possible d intension of putt. In dtasoMng. * *0i*l iuUui w» equina 
a mobility of parts, Mod a gm facet ita elasticity, and therefore ne«sit«fta 
often toko place in tolutbna which da oat pn««*tl in Hi® undlstalved 
sabsmnm Further, ft sabrtanee, dutributed in w«u>r, oidentiy 
breaks up ~ that U, Wonot mm like « g»i owl « grater 

mobility of part* All ttoto 0 04 Mt j m^ k>n» r«i|air» that it* dt««pd4§§ 
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cylinder, tho mercury will rise, owing to the water dissolving the 
ammonia gas. If the column of mercury be loss than tho barometric 
column, and if there bo sufficient water to dissolve tho gas, all tho 
ammonia will bo absorbed by tho water. The water is introduced into 
tho cylinder by a gloss pipotto, with a bent end. Tho bent ond is put 
into water, and tho air is sucked out from tho upper ond. When full 
of water, its upper ond is closed with the finger, and tho bent end 
placed in tho mercury bath under tho orifleo of tho cylinder. On 
blowing into tho pipotto tho water will rise to tho surfaces of tho 
mercury in tho cylinder owing to Its lightness. The solubility of a gm 
like ammonia truty bo demonstrated by taking a flank full of tho gas, 
and closed by a cork with a tube passing through it. On placing tho 
tube undor wator, tho water will rise into tho flask (this may ho 
accelerated by previously warming tho flank), and begin to play like a 
fountain inside It. Both tho rising of tho mercury and the fountain 
clearly show tho considerable affinity of water for ammonia gw, and 
tho forco acting in this dissolution is rendered evident. A certain 
period of time in required both for tho homogeneous intermixture of 
gases (dittutuou) and tho process of solution, which depends, not only ort 
tho surface of tho participating substances, but also cm their nature. 
This is noon from experiment. Solutions of different Hubsttaticoa 
heavier than water, such as salt or sugar, are poured into tall jsns. 
Pure water is then very carefully pou red into these jura (through a 
funnel) on to the top of tho solutions, so as not to disturb tho lower 
stratum, and tho jam ore then loft undisturbed. Tim line of demarca- 
tion between the solution ami the pure water will be visible, owing to 
tlmir difibrent co-efBcienta of refraction. Notwithstanding that tho 
solutions taken are heavier than water, after some time complete 
intermixture will enaue, Gny-LuMoo convinced hitnaelf of this feet by 
this particular experiment, which he conducted In the cellars under tho 
Paris Astronomical Observatory. These collars are well known m the 
locality where numerous interesting researches havo been conducted, 
because, owing to their depth under ground, they have a uniform tom - 
perature during the whole year ; the temperature does not change 
during the day, and thitt was indispensable for the experiments on the 
diffusion of ftalut'ons, in order that no doubt as to the results should 
aril® from a daily change of temperature (the experiment lasted several 
mouths), which would set up currents in tho liquids and intermix their 
strata. Notwithstanding tho uniformity of tho temperature, tho sub* 
stance in solution in time ascended into tho water and distributed itself 
uniformly through it, proving that there exists between water and a 
subftanoe dissolved in it a particular kind of attraction or striving tor 



62 


rmwtrtr * « f rm m? tuv 


mutual intt*r[n'n*'tfnti'U! tn *>j <• -ror* «.f gra* i»v. Furl her, 

this dlbrt, nr rat** <*f diltu-mm, t* d«tl<r*-:,! f t »*:i > r augur t .j (, tf 
various otlmr auhetunivti.'' S5 * 1? {■ •!!■ ** th«u<-f-'ir that a {wvuh.ir foraa 

acts in solution, a** t»» «<tad «h*>m *1 ■ • n», »«. 1 » lufji.ft i| 

dvtcrmit»e*l by a parUmlar ksni • f to •?> o i s, v ih» - - « in *s .4] «0}*'fgy 
Of ft Sttbstiuum) whirh t» {•?>■}*« f ■< »!.«•• ei.»-»*»n.-<* dm 1 m 1 «i. 1 tn the 
eolvont. 

Graham ftiado a wriu «*f r -u . r .» * *»»-»Ur (■> »!. .«« «)Mva 
describ'd, nn <t air <w«-d Out th« rt u • •> r, « >,'«■{ u \rry 

variable ••• that »e, a unth-Hu :* >4 a ■ •■ i-. I *»«» water 

dissolving it i*> attain* - *! hi di;t« r«-!;t | "J I ** ,?h ddfrrrtil 

solutions, Oifthum CMiuJ-ar* 1 dulmuf 1 » a :*y with a la* .! "t Tj.era 
ato »uh»tanc«*s uh.ch di!lua« ra»d\, and U.t r* off. ■ n a Im h diffuse 
with dUSculty, just as llmra aro m *r*i **r i* - ®**. laid** »m*»ra!.. «■« fovea 
hundred cubic umiinmtrr# «f watwr w<-ra j . ;r, l »«»*.•■ a : a». am H j mrau* 
of a syphon (or a ptj pft«d 0* « rut* rent t.JH’t f t># >>i a #, ■ i 14 * » ii « •silaUHftjj 
10 grams of a suUalanm wrti> t»Mlt *u# 1 y $ utr-i to *■> a* «•> mvtijty 
the towor portion at Ut« jar. Aftr-r a li} :<■ . f win a! 'a. a. a.;. i-rsnVB 
layer* of 50 cubic oenUumirw* wrr.® rakmi (*>•»! sh« t. j. >l .* j, uranla, 
and the quantity of satratiimc** «Ua» •!***! m if** - * i.i d*-.trf, 

mined. Thus, common uhln *»U, «fu*r f .nitwn data. ntu. U* 
following amount* (m milligrams* in thn r *-«j Ur u, l~ h *mmag 
from tho top: U)t, 120, 12»S, lV*<, '2d«, H*» ( 4,'-/, f t\ '.'■t. * * u* # **•♦{, 
091, 1,090, I.IH7, ami 2/2tld in Urn rvtmMO'tcr , wti.Ut. alf.'i.nr.i in thn 

«amo tirua gave, in tho tirat at*»t>n Uyrr», * 'n - ry «m»»u| *>u- ant. asid 
beginning from the eighth layer, l«t, 1 ?>. <f, 1 1 .1, H-K 3 *~'\ !.*■ «ud 
in tho remainder 0,725 milligram* Thu-, t|,*> »Uthu.»«’ j- «. « >4 a 
solution (lojMind# on tune and on th« nature .4 th>* n ( U!m,.n ,u«. 
solved, whirh fnrt nmy nerve. »,*»t only Ux e*j4«Hong tl , {Hi <%M tr-t 
solution, but alao for dutmgutditng *>i»r* tr> >m her. 
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Graham thowetl tlutt aulMtiumcuk whuh raj«»{tj tltifuko (l»i>'U^h U^ui'ts 

,,M * O-nOuHti, to 0**» Hto twu4 h a *,i i * v#«, c 

(Chapter XVIU.) meat trsq«««Uj „ f ,t sS ,,.v,..,v 
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MMMrehw of Unawm, IVV. »„4 .«t5«« a, • * >, »* * t < 
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a vortical eyUndrical vn^I i» not *ml, pt^.,n..»aj 1 „ a .5 t i , 
of the oy Under, bat ahm U. the Mn.«i>u»4 , < u«. .« 1 ., , . 

Of liquid, eo Uvet temh «ab«Wu»e« he» tu 

the diffusion of KOWH-tUM k. M d«pen4*».l Mirtl 4 ,, .. 
cuW-, hut here mnet pmbahly ih* purely .iU-. (J 

wtoolUnoUne the eubeUaew dl««4vud u, tf» *.f a.ran, 
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are ablo to rapidly pass through membranes and crystallise, whilst 
substances which diffuse slowly and do not crystallise are colloidi, 
that is, resemble glue, and penetrate through a membrane slowly, and 
form jellies , that is, occur in insoluble forms," 1 os will bo explained 
in speaking of silica. 


»# Thorataof diffusion— liko the rate of transmission— through mornbranoa, or dialyrtt 
(whloh plays an Important part in the vital processes of organisms aiul also in technical 
proooBBvm), prmmiiU, tusoording to Graham's reeearahes, a sharply defined change in 
'pusslng from euoh cryslalileablc eubutanoee as the majority of emits and a* ids to »nb» 
•tuncos which am capable of giving jellies (gum, pdatin, dw.) Th« farmer diffuse into 
solutions ami pass through membranes much more rapidly than the latter, and Graham 
therefore distinguishes between crgsteffottl*, whieh diffuse rapidly, and mlUrtfa, which 
diffuse slowly. On breaking solid colloid* into pieces, a total absence of cleavage is 
remarked. The fracture of such substances is like that of glue or glass. It is termed a 
* eonoholda) ’ fracture. Almost all the substances of which animal and vegetable bodies 
consist are colloids, and thi* is, at all events, partly the reason why animals and plants 

have such varied forms, whieh have no resemblance to the crystalline forms of tbe 

majority of mineral substances. The colloid solid substances in organ i»m»*-*that is, in 
animals and plnuU—ohwwt always contain water, and take most peculiar form#, of not* 
works, of granules, of hairs, of mucous, shapeless masses, «Vo., whieh arc quite different 
from the form* taken by crystalline substances. When colloids separate out from eola- 
tions, or from a molten state, they 
present a form which I# similar to 

that of the liquid from which they 

were formed. (Haw may bo token 
ns the t*wt example of this. Colloids 
are distinguishable fmm crystal, 
bids, not only by the absence of 
crystalline form, but by many other 
properties winch admit of clearly 
diat-UijuiMhmg both these oIajmcs of 
solids, as Graham showed. Nearly 
all colloids are capable of passing, 
under certain circumstances, fmm 
a soluble into an insoluble state. 

The best example is shown by white 
of eggs (albumin) is the raw and 
aduble form, and in the hard- 
boiled and insoluble form. Thu 
majority of wdloidn, on jmiming into an Insoluble form In the presence of water, give 
substances liavmg a gelatinous appearance, whieh m familiar to every one in starch, 
solidified glue, jelly, «te. Thus gelatin, or common carpenter’s glue, when soaked in 
water, swells up into aa insoluble jelly. If this jelly be heated, it melts, and is then 
tollable m water, but on tooling it again form* a jelly which is insoluble in water. One 
of tire properties which distinguish colloids frdm crystalloids is that the former pass vary 
slowly through a membrane, whilst the latter penetrate very rapidly. This may be shown 
by taking a cylinder, open at both ends, and by coveting its lower end with a bladder or 
with v ege labia parchment {unetsed paper immersed for two or three minutes in a mixture 
of sulphuric awl and half its volume of water, and then washed), or any other mem- 
branous suliatanci (all such substances are themselves colloids In an insoluble form). 
Thu membrane must bo firmly tied to the cylinder, so as not to leave say opening. 
Such on apparatus tv colled a dmlyser (fig. 16), and the process of separation of crystal- 
loids from colloids by means of such a membrane is termed dtalytis. Aa aqueous 
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TrftaU). If, fnr Ur»t*Mn««, ft m se4rt»ew »4 j... j. a..«. 

, ^ phvewl in wftfet, Uw w^s,* ,, , ^ s . f 

hf |0 lit Hi t4 tW Wf 

InortftMKl Inni/U. vW *vmA , »!,«, m ; „ „ aUt *. u u . 4 , ; . 

founa » ennvanlvmt mna* nf d*i* f t ,,,. 0 . ,, o . . 

oswetle tmvMtmO in ttm «.){• „f j»Unu 1 lk . 4 . . 

thn left### 6 f thn ,. 4 t „ u *„ H . a ‘ 

.0 utlon of » Kimn m*U m« 1 uf * * !f u , „ ^ / 

Uknn U ### Uuu, thftt nf tin, ^ UMwa 5 „ Ui<! 

#Wnki if, on Urn oUn* hw4, th«* ,* <lt4k( ,, 
uv 8 «iu win Mpwd.M ^ ^ "i; s r *;■ 
ftmoonj of U» dlflnrsni #*lu in wdiTi . ^ Si 
of solution «vt which On* c»a« U^vn ^ , Hli ' , Ml . , ’ 



ON water and its compounds 


<fsr - 

In the consideration of the prom# of solution, ImMm the con- 
ception of diffusion, another fundamental conooption ia nacewwy— 
gamely, that of the mturatim of window, 

ditwolvwl per 100 purta of water, it ia poouibhi, knowing the ewuotla pressure of a gimi sab- 
otanoo—for inataneo, sugar at various de gre e * of wumeotratteu «f «4olowi--ot»ii knowing 
the composition of isntoido eolation* compared with sugar, to determine the fwnsotk 
«w»sura of all the aalfc* inroetigate*!. The osmotic prassure of dilute antatoma dstermlnwl 
an this manner directly or indirectly (from olmervatetn# matte by I'fofter and He Vrteaf 
wan shown to follow the mun» lawn an thorn* «f the prw*ur» of gaw? a , for to-Un>**. hf 
doubling or Increasing the quantity of a salt fin a given volume) n times, the pxmmm O 
doubled of Increase n times. Bo, for example, In a wdutrnu am W iala g mm pwriaf *»pjr 

r r 100 parts of water the osmotic pressure (neftordini to &f*fi#r)s>W't an. of Bwwwryt 
a parte of sugar.® 101*0, if 4 parts «■ S0fl*t and an on, which pwmm that the ratio S* ire# 
within the limits of exjrtMimeutal error. (#) Different substances ft'# equal *ta*»#kt» at 
solution*, show very different osmotic prewrnm, just m gaa» ft# equal parts by weight 
in equal volumes show different bmaienn, (S) If, tor a given dilute aedulum at tt\ the 
oamotto presamw equal jp°, then at < B it will be greater and equal to p" (1 + oiWiMW), ».<?, 
it increase* with the temperature in exactly the same manner a* the tomtom of gwNt 
inomwes, (4) If in dilute solutions of such snbwt&noea as do not oondne-l an sleeKte 
current (f«r totstanoo, sugar, acetone, and many other organk bodte*) the #ul»lww» be 
token in the ratio of their molecular weight* (exprowad by their form ill*., ee* (Jb&pii* 
VII. 1, then not only will the osmotic pressure 1«> equal, but its tnaguitttdn will be deter, 
mined by that tension which would Ik, proper to the vapuur* of the given substances 
when they would Ik, cental nod in the space occupied by the solution, just as the tension 
at the vapour* of molecular quantities of tb*» given substances will t» equal, ami deter, 
mined by the laws of Oay-Lnaaae, Mariotte, and Avopdredlwrhardt. Thru* tennnha 
(Chapter VII., Notes US ami ®4) by which the gaseous state of matter to determined, way 
a) no be applied in the present case, Bo, for example, the oamotto pfwmmtmjp, to «mU* 
metres at mercury, of a one per rent. rotation of sugar, may bo cakutetod aeexwdtog to Dm 
formula for gaeafi : 

Up « eaoo » an + n, 

when, M is tlie molecular weight, * the weight in grams of a eaten ttmUsmtom of vafwmr, 
arid ( its temperature, For sugar M ** #48 (hroenae its moteimtar mmpo^tkm Is 
OtiUyjO,,). The tpreMte gravity of the solo ten uf (sugar to tt»f, teae* ttw weight of 
sugar * contained in a 1 per cent. solution ** 6 Mow gram. The ehrorratta wm m4t 
at t * 14**< Hence, a«wdteg to the fomuk, m ted » * Wtt Ami #*ptr|. 

Burnt* tMirlitd on at 14*» gave h®'S owxtlmutm, which to \wy wm te t km item, f»l fiar 
the aolutem# of salts, aplda, and stadter w rt u to otw, whMt wedhwd am otoehrto 
Uwi calculated presnmre to ucually (bat not always to a dstoito «sr nwStipte ntunher of 
times) lows than the observed by I tirnea, and this i for dilute aoluUnn* of MgBD 4 to nearly 
1, for (’<*,-« l, f,,r K(*l, Nad, KI, KNO» tfreater than l, arid Bppr*>*miat*w» to §, tor 
ItoCJb, Mgl‘1;,, K/ *l*i, and others iwtween a and U, f,*r lit'l, 1 !jBI* 4 , Nah‘O s , t'aNjO*, and 
othere nearly 8 and u»t oft. It should b<* remarks.! that the above tladuetems ar» only 
apjiltoabto (and with a certain degree of accuracy) to dilute solution*, and in tin* r»»j«ct 
reSMStihle the gmioralleations of Michel and Kraft (see Note 44!. Nevertbelessi, the 
arithmetical relation found by Van't lloft between the formation nf vaptrur* ae4 tte 
tramntton tote dilute aolattowa form* an important tmimUiU dteowvMy, whtoh 
facilitate the nxjdMmtten of the natwrc of solutions, whd« the owato to MM»lf teip* 
tlrms airi-tidy form* a v«ry important »*p«et of the study <4 eoluitew*. In Hut mfoet it 
is ntwesMury to mention that Prof- Konovatoff (toPl, and OldMM «ftM| 

discuvered the d«q*nd««« {and it may Iw a *uftet«4 tof th«» titerotto 

pr«*»ar« nj*un the difTeronce* of tte tenafotis of nqftww *«d Mum 

thto, however, already enters into a spueiat prmtmm of phmM i #<W#i>tiy (wWAjUm-' 
we glvim to Nt^a 4» wd followtoih wd to thto phpktol «Wto©f tte 


FfUtfCtFUSS Of cnmWTMY 


^4 

Hence, If U to tWiml to Itotmw I to rot# nf •ololion, mmm 
must to hwl to #Umtm, ahokiftg, «w a*»m« such m«h«woil motitm. 
But if onoo a uniform nolulbn in formal, tt *til romom ontform, no 
matter ho# henry the dUoaoln*! & tttaution t*. or ho* !«n| th« t**4uti»a 
to left at rest, which fact again stown tto «»f » holding; 

together the particle* of the tody Ut***>!*c*l and of tto w»l<r«» ni *• 


•oIqWob of * oryateBoiS m **&M> «* a wus-ar® «4 t-^V, *» »*>te »te» 

which l« than jW In a w a nd **ut. *.> o»»< u»* i* »i»«» .4 is. «>«*»,»: r^ 

it covntwc! with water. TW, after a awtetn |*rt*J ■■•< Itm*, Ite ojiWl.4 |>«M*»tt>r>m^h 

the mcfulrWiH, Whilst tbn clU*!. If »t 4««» !»**« 0»* .<«gh *4 »U, >h«* a. 
ably slower rate TH»wry»Wl<»4 *>«i<<r&Mf ;«,**** «h»..4»<toeti. W« »»ui 
attains Ihn «a»w strength *«*» Mh «4«* «4 ite »*»* l>> reptoing u» »»wJa, 

water with fresh water, & fresh ijmstef «t th* oy«WA.4 *»*j b» to** a* 

Alalyser. White a t?y*teJI>»Wi (• pm\»$ tto»»gb ih» V.«^ * »*»»*»»» 

entirely la the dlalywr, mh lb*w4«re <* wsi*»4 *4«a « I item# »*■« k»®4* .4 «*u«m» 4# 
way ha aapwrated tow aaeh itoar hf a JMfmt Tte e »•** -.4 u» i-rwysrPo* 4 «4tol% 
and of tb« phantsmana of Ihwtr $**»& th*»«*t» wt.^ *te»M •to-Ost* #mk 

respecting the phoWWOMM whteh <MW *t*vm|4**l**'t t» 

** Th* formate* of *4*te>*« m*y few o-«MwiI«r*4 u* **•• to» a wad 

tow a ahemteal {**tat of * m t **4 it w m#t» a**t*»t m aui*!*..*** iton in **y «4tor 
dapartmeat of steMotatry haw thaa* 4 wtenj a*.***** are aftol 

together, On festoon hiitd tan* « fartnaW *>m» ®4 a se^WaMal 

ftotanpanatMtloa of fiwm ' Bfw i ftBBa mh&um*, *a>t * 4 u» s»-w.au* 4 Om 

aobataaoa dtaaalvod *v«tl of tha mbwii, wtwW te it* j«*ut*«*wa »teh »* »*s.Wfc*4 ia 
bt«»Kig<mww« etlbtUauiww. Itow thte ^aat » f r»*w thte >t ,!!<>«•,<.* .4 #„te4» i «%*i *® •y^ily 

4lmn*r to th« AMfndkm of gaMM, with only tte* 4uf*r«tt«a. W»r <w «**$**• «» 1 a.*# ...» #4*»i|y 
ora dlffaraot la gaww tow what lh»y m» 1 # t«a«><ta **4 itei *» tej •.♦»»* iter* <* »..•«*: t*r. 
abla frfotkm, white! hi |puMi Iter* ta «o4M(wr»Ur*)y lull* Tfc® -.•** . # « 4««»4»*4 

aohataaoB Into water te M h o a ad te ataywratem. s> U« ten«MiU.«» .4 **|»i«Mr. 

Thla mcTOhkarw tw dwurly a«*« t ? <ifteteo% l» *«*•«« »**.**. »&♦ 


ciurmUt, V«uB‘k Hag, hm Aw*»te{:*<4 ites vtew *4 •ntateMM t» |f**l 4»t*»! te***«g »3sw««n 
(In a manoti in iha TrwwMteHorw tf Ik# »w*M*h 4w4*«»» *f &***•*•. »*♦* at. 5fi«* 
»tx>la (te I'^ijoililwc felilmlijOw fam l 4 #t*t 4iM $*mm *m 4 :«***«,' !«?. t»,*i tar 4.1«te 
BolcUfwa the mwtte pmmtr* Mtetra tW U*» 1.4 ttey^ u« f I^mm, 

ft«a ATOgw5m.O«rhiy»4rt m for po» Th* mM«i ptwmutw «4 * 4mm.4*«4 m 

water in (tetamil«p«l hy swan *4 meiabcwAM wl,«.J 3 *»«* nfc* ,4 t»5 *4 

of a ntibateae* 4iwnJv«! la ft, throat, p»<t***t t* *«**4 .» •»,«>«! N^te> 

pianola otontbmura and te porno* mNmkm with *« 

Mob m Is ohklnad by fha Mtha af cop|wr nwlpliate wo p. 4 i a*i*t ow» i l'h£*t, 

Xtaoha), If, lot tnatanaa, a oho p* antatteo of tmgat w phwM*4 to **.#.!, « »ni , »t***ls 
•? Jf^taad In wat*#-, tha water psorm to# w*tt* *4 u*« 

inMaaaaa m MMaawahy K sun, of iba te wo»s s tt u*» »»•*»*»»» te* 

tnemawl toslttw th« raaaah to® th# water will hm wigwiMl tt»» W >*#«•* 

fo«»a a oenvadwtmaMia «l tatenotelim ates ..*» jit, *» t*****'*** * «*»**># 
on»o«6 ptewiri,) b tte, oath of plaate for is,** |i Wrsw «, wt <lw» 'f ft 

ff ? ft ^nrottlw dte«for, to r* «t •„,» », .4 *4^ rte. 

soluUeo of a gtean salt awl of a 0 ran atoogUa If tta ,1 t;w ^0 


^ ptteaom to «««Ntet t too that .4 P- «*, ik«a 
N a*a« satesw»-.f». i», *zun** U*» 

of solution at whieh the ealte te^a te pn4L ft *|4 at „ fcM fc SJ « 


ON WATER AND ITS COMPOUNDS 


ess . 

In the consideration of the process of eolation, besides the con* 
©option of diffusion, another fundamental conception is ncotwary — 
jpamoly, that of the mturation of solution*. 

dissolved per 100 parts of water, it to possible, knowing the osmotic pressor® of a given sub* 
stance-for instance, sugar sit varituw degree# of eon©®nfcmfeli«> of MtiU<m-~uml knowing 
the aomposltion of isotonio solution# compared with #ugar, to determine the oamotJo 
pressure of all the salts investigated. The osmotic pressure of dilute Motion# determined 
in this manner directly or indirectly (from ohwrvatum# made by Pfuffor and He Vrtefi) 
was shown to follow the »mu\ laws aw thow» of the pressure of ga«i# ; for instance, by 
doubling or increasing tire quantity of a salt (in a given volume) n tones, the pressure to 
doubled or inenmwiM n times. Bo, for example, in a eolation containing; one part of augar 

r e loo parts of water the oaraotic pressure (aeocrding to Pfuffir) ®» 8fi'8 an. of memryt 
0 parts tif sugar® 101’fl, it 4 i«wto ** SOtofi and so on, which jmmm that the ratio is true 
within the limits of experimental error. (9) Different sebetaneen for equal strength# of 
solutions, show very different osmotic pmwrcura#, just as ga«a for equal porta by weight 
is equal volume# show different tensions, (ft) If, for a given dilute solution at O'*, the 
oemotie pmsure equal jp e , then at It will be greater and oqtml te p n (1 + O tKirnm), i.& 
it inarme# with the temperature in exactly the same manner as the tension of gw»# 
increase#, (4) If in dilute solutions of such anbutenees as do not conduct an uJoetrio 
current (for inelanott, sugar, acetone, and many other organic bodies) Urn uulwiweea be 
Wren in the ratio of their molecular weight# (expressed by their fomratos, see Chapter 
VII.), then not only will the oamotio pressure 1m equal, but its magnitude will lie deter* 
rained by that tension which would be pmjK>r te tlie vapour# of the given substanoce 
when they would 1st contained in Urn space occupied by the solution, just as the tension 
Of the vapour# of molecular quantities of the given substances will l«i equal, and deter- 
mined Ity the laws of Clay-Lnswc, Martoito, and Avogadro*(ierhanU. Those formula 
(Chapter VII., Notes &0 and 14) by which the gaseous state of matter is determined, may 
also lot appliad in the present case. Bo, for example, the aamotlc pressure ji, In cenfei* 
metros of mercury, of a one percent, solution of sugar, may be calculated according to the 
formula for gaw« : 

Mf» m (moo » (ft?B + i), 

where M i» Urn molecular weight, a the weight in gram# of a cubic centimetre of vapour, 
and t Its temperature. For sugar iff *» 843 (W-ause its molecular composition i# 
OijH«Oii)* Tim HpeolAu gravity of Urn solution of aogar la VW» hours the weight of 
sugar a contained In a l per cant, Mutton » 0 01008 gram. The observation wu mad# 
at t m if, Hence, aeeoktag to the formula, we ted jt m 8M centimetre#. AM wepri* 
monte ««rW on at 14* gave &» fl centimetres, wbieh to very wear to the above. (I) For 
the solutions of salts, aplds, and airailar wuhatanee#, which conduct au electric current, 
the calculated pressure to usually (but net always is a definite or multiple number of 
times) less than the observed by i times, and Uiiti t for dilute Muttons of MgBO* to nearly 
l, for J, for KOI, NaCl, KI, KNO a greater than 1, and approximate# to i, for 

ItoOl j, MgOly, K*<h>*, and other# between ft and 8, for ItCI, 11*80*, NaNOj, CaN rf O a , and 
other# nearly '4 and so on. It should be remarked that the above deduction# m only 
applicable (and with a certain degree of accuracy) to dilute solutions, and lu this resjwot 
resemble the generalisation# of Michel and Kraft (sc# Note 44). Nevertheless, tin# 
arithmetical relation found by Vaa‘t Hoff between the formation of vapours and the 
transition Into dilute Mutton# forms on Important scion tUio discovery, which should 
feeUftate the explanation of fcfaa nature of solutions, while the osmotic preasture of sola* 
felons already forms a very important ospeot of the study of Muttons. In this respect It 
to rmeesBiiry to mention that I*rof. Konovaloff (1801, and subsequently others also) 
iiwmvered the dependence (and it may ho a sufficient explanation) of the osmotic 
pressure up.-n the differences «f the tensions of aqueous vapours and qqueous solutions} 
this, however, already enters into a special province of physical chemistry (certain data 
are given In Note 40 and fallowing), and to this physical aids of the question also belongs 
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Jturt os moist »ir m&y bo dilated with any Amrm\ qnmtitj of Hr 
olr, mo also an indefinitely largo quantity of a liquid *4v*at may l* takac 

<m« of ttw extreme entm*t«oiww* <4 th« r»**ii»hta»*w «4 tmwtac «»,..• -m 

prt>»iun>, which l» that the <mtKwntnUh4t «f » *«ah»m notation *»ri«> m i**m whi»h u 
hwvU«l or m*M. Ho *nt {iWlJ InW ••Ut.v-.t that » «»tali«tt «f «•..;*«» 
eoatftiaing 17 part* t4 Urn aalt at *9" w»t]f «**nt*»«u*l H parte alter Uuiij! tto upp« 
jjcrrttoa of th» tato to 80** fa* a taeg $«erk»t «t Um» tto* nnp*rt *4 thtlmn, which I 
now tola# wry oarafally ami fwHy w«*to4 wii, way to the yh*n«-*it «mh». ft 
elhw Mjpwt la pttwly rVwiitral, tor wltrtMi »ln** m*t t*h« t'to'"* twV»*>*» «** two *<£ 
ttancMM, hat requires a ej**c>Ul a»4 partmnUr ftUriwlfeft «w «4fi*s*»jf tot»*ws»» ttom. , 
vapour «»r ga» permeate* any other taj*’ttr or gw, tot m »U whfeh ili**4«e* in water tm 
not ho in the leant n4ut*le fo alcohol, ami la .|«ite in«4«ht» It* tneivu ry !« rtwcktariii 
aolutiim* a* a m*ui(fo«taW«M H cheittw *1 t<4m l*n 4 «4 etomwel energy). It in tint fa 
nukiurwlixlgod that they are h»r» «l«rt*4.q»*l **• **' to>M* m »*«*«« that lh* «ls4nit 
tontpouml* (that i», lta«*e forme*! a***e»bijg la tto ht of muHiptn %>** (uttm 

totwmrn water ami a mlnth* witoteiwa 4l*»*>l*U *»*«3 at *to rt*U»*ry twfmjw-r&t*^ 
forming a hotflogWKKWi* ny »t e m- * ih»t l»» o»*> in which t—th ito a»*t tto %m. 

Sato which St itonnwpwftaa (wafer amt its* **j*»-n« ««**«i in * li^nt 

8tata, The chief dlRtatilty in the e»tnpf«h»to«i<>s> *4 wlnln i** 4*jpea4* «-n lh» fai Dm 
the mnehaiiteal th»*ry <4 the etmeturn *4 l>-j«s4» to* tu4 y*t !*«*» *>» tnlljt t* 

thn llw»«ry t>f am! ahten* Wn iHitth Thn «4 m-lnUoit* a* 

4iworlftU«t iteSnitn chetntrai t»»|ani»»4» la feawwi «kh the «»4wo>i#rnUttn» () 

that Uwr* eniat cwrUin im4*»nhfe4|y tSainitn rh*n*fe«J n?*UlSww*t «wn*|» an«l» (*»*h a 
HjflO,, HyOi m K«Ct, hlt/'t; «r Cutip &* i »h*«h m*H *•« « **♦»*♦« n«» « 
VNSpw*Htf«i m 4 than ft*rw Irian *.4«y«t 4 (8) that it* a *m4<Un r-wmliW* 

aw nul wdatiawhlmt m mmU&& ihnynfMn g«** thattiwri n*»4 »t*ft*»4W eryetathwn 

txmpwmh, which ar» w»giiW hy tt«# «4 iIWj*. s#> ttnl M*«*t M*« «4««« 
amt the atthalaant AwM thaw ar» femt*4. in * nttint** »| mm% «ww»| n«Mt<>nt4a4t; 
itafinitn *»>t»|a‘mata, mush m e«mj*WM»»t» with wafer *4 wryatnUtnaUiWi itl that tli 
phyatea) pwpartiaa «*f au)ittU«lt*n a «4 a*|wri*}tr their *| anti g>*ril>m «* |<-fi-i»rt| nhtH 
oau b# wary amuraWly *Wfef*rtU*«4S, vary with « ehange tn <*»{»*«*.>«, nmt m *a»h < 
manner «a wonkt W nqaM V» thn f «nn»t*s n *4 »*v* »<■*» 4eti*»ife hnt 4 emviaiiR 

eompuftmt*. Thaa, f«r e**l«r<h>, «W wWing wafer to foml*# n^j.t He <t«naity 1 

rtwrod to Aaewaan «nMt it attatn»>thn (hrftnttn *t*q * lt s *». »h*i 
the epeeitie gravity innwawNS *!th>«igh *m further ^itntir^r »tth wafer it ag-ata t«lh 
Moreover (Miahtht, Thp /emh/iKni r/ 4fn#,'n# /►’”'** ftn* 

Onantffrr, tw»7l, th» lenwiw in ^wHh fratity (4*?. wwrfe* tn nS{ well &*»«»« w4ntMa 


with the fwr>prti4»t> <4 lh» en h ata n en 4taw4«w4 f#S,an4 thie ttafWalMiwa «n fw niyraMM 
fey ft bwHi r|, **■ A » Hf') between tf» t Unite #4 #sa'«i|ssi«iwt* ehe» at *t> 

te w48tti «» m«Mt I* m4 th*» ht is «wfh«**» Mnnw4«MMM with th* .u**>-«eutfal 

kfp@ikm£#, thH», tm tomtom#, tmm iM^i tt#«» * it**! st*4t» tit®*# imbrnm* 

pint m dtiitttw mmyMmdto to* tom ntatnt, th» fra*#«-«» *_ - »wj» - twsmg <»W 


jihttt# fmmtom tmtmm *4 njm t v Pw aWh*4 eyur*. »fe« 

«W» tot* WWW MWMwte)* hmnttmM thaw <41 ntWerw, thn 4 *«nlt»» n*wni*««w» r.lt.fH 


have tot* WMt* MW**itB>)y to wt i ignt a it tha» alt ntWnrw, the n*wn|*««wl l*,lt*fH 

KK«0» «i4 at 1mm ewet to fch#«»Wf»4 in it* **!•»>*» 

Tha two **fs«et* *4 anhtt tot atovn wntt *nl, an4 tto btpt*tommm »fe«A !***• •* y« 
toatt »yt>ti<4 to tto »aa»ta » thi < B wf *4wti«*ii» k nUfemgH tto? fc*«* *•«»«•« tot 4i#er*n 
•hrtto PtoMto tlB iniihijm tm tiww ton) !•» * genera) ife*w*ry *4 *#®5 «*Ims***. )**-.>»«*••* |t 
awnrowi la** gmmrr* t >4'* awl «fc»*»te#S f ;!»»?»«»«««* til 

a«4 watowa *4 tm-tonto, whfeh 4ni«ywa»e gtwfnrt *»»., « 

ttta muttewn am) gaupMnhM i4 Mmm, whfeh 4etermton rtomfent Hmatfew* h’«# 4*tatl 


af the ijanaMotta tohm with ttowrtm *4 # e^enrae mimt m*w t® tool to eyeeh 

SBW&ttSra and to work* en W«*wr* 4 taS fghyat^Hi # 4 )«sai*lfy , tm thi# tont» umi c 
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and yofc a uniform solution will be obtained. But more than a definite 
quantity of aqueous vapour cannot be introduced into a certain volume 
of air at a certain temperature. The excess above the point of 




water and substances dissolved in it is similar More than a definite 
quantity of a substanoo cannot, at a certain temperature, dissolve in a 
.given quantity of water > the excess does not unite with the water. 
Just as air or a gas becomes saturated with vapour, m Water becomes 
saturated with a substance dissolved in it. If an exotowf of a substance 



chiefly live chemical side at solutions, I consider it to bo neeftasary to reconcile Um> two 
aspect# of the question ; this mamn to mo to be aU the more poselfele, as the physical side la 
limited to dilute solutions only, whilst the chemical aide dqal* mainly with strong solutions. 


w A syntem of (chemically or physically) ro- acting subeteaces la different states of 
aggregation - for Instance, wmw solid, others liquid or 'gaseous— -Is termed a hatero* 
genftous system. Up to now it l» only systems of this kind whlah can be subjected to 
detailed exaudaaltoa la the aen« of the meolianioal theory of matter. Bolutloua (»'.«. 
UttiMvluratod ones) form fluid homogeneous systems, whleh at the present time ana only 
he Investigated with difficulty. 

la the ow«» of limited solution of liquid# la liquids, ths d^ermute betw&rn ih$ aolwnt 


added la m unlimited quantity, am! yet the eolation obtained will alwayn be uniform- 


water, It will he remarked that ft portion of it dissolves in the water. If the ether be 
taken la aueh a quantity Umt it saturate# the water and ft portion of it remains madia, 
edrved, then this remaining portion wW ft«t a# ft solvent, and water wUl diffuse through 
it and also form a uaturftted solution of water in the ether taken. Thu# two saturated 
ypltitiorn will be obtained, One solution will contain other dissolved in water, and the 
other solution will contain water dissolved to other. These two eolation® will arrange 
UwmtKdvfwi in two layer#, nooordteg to their density i the ethereal solution of water will 
bv, on tho top. If Urn upper ethereal solution be poured off from the aqueous solution, 
any quantity of ether may bti added to it; tills shows that the dissolving substance is 
ttiiier. If water he added to it, It !# no longer dissolved la It; this shows that water 
imtttm tee tin* etiw»r»-her« water Is the subslanee dissolved, If w© act to the same 
mamuw with the lower layer, w# shall And that water is the solvent and ether' the sub- 
Stum dtesolved. By taking different amounts of ether and water, the degree of 
solubility of ether la water, and of water to ether, may be easily determined. Water 
ftppfosknately dtessolfw Vtt of ite volume of ether, and ether dissolves a very »m(dl quan* 
HI* of w ttter . Let us now imagine that the liquid poured to dissolves a ooasiderable 
amount of water, and that water dissolves a considerable amount of the liquid. Two 
kyw« could not l>c formed, became* the saturated eotatioue would *««ombk each other, 
ty&d ttwrofure Umy would intortoUc &U ptop^tUoni# Thla 1% cosiMKju^ntly , & ous© ©I 
a phtmommum where two liquids present considerable crMifadents of solubility to each 
©ttwr, but where it is Impossible to say what these oo-effletente ft*©, because It Is impos. 


elbls to obtain a saturated solution. 


15% thfttt can W tUwolwKl not mow tmn 35-H6 grama of entsmon 
fsaH. QtmccquentJy, it* solubility at 15" i* «fu»t i « 35 Bfi *» li §*, 
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most important to turn attention to the mistonm of the solid insoluble 
substances of nature, because on them depends the shape of the 
substances of the earth’s surface, and of plants and animals. There 
is 80 much water on the earth's surface, that were the tmrface of sub- 
stances formed of soluble matters it would constantly change, and 

the number of volume*) occupied by the gas end liquid dissolving it can be awilly eaka- 
lated. Tills tube can also be easily remove*! from the apparatus. Thu lower portion of thin 
■tube when remove*! from the apparatus la tdwro U> the right of the figure. It will be ob- 
served that Ha lower end to famished with a male screw b, fitting la a ant a. The tower 
surface of the nut a la covered with india-rubber, t»o that oa nerewing up the tabu it* 
lower end presiwa upon the India- rubber, end.thaa hermetically oloeea the whole tube, tor 
(to upper end to funed up. Tim nut a to famished with ems 6 e, end la the stead / 
them ere corresponding spaces, so 'that when the wrewsd-Bp Interna! tube la fixed fate 
stead /, the arms c c fix into these spaces cut In /« This enables the Internal tube to be 
fixed on to the stand/. When tbs Internal tube Is fixed In the stand, the wide tube to put 
lute Its right position, and mercury and water am poured Into the space between the two 
tubes, and communication to opened between the Inside Of the tube « and the mercury 
between the Interior and exterior tabes. This is done by either revolving the interior 
tube «, or by a key turning tire nut about the bottom part of /. The tube § to filled with 
gas and water as follows : the tube Is removed from the apparatus, filled with mercury, 
and tiui gau to lx) experimented on to passed Into it. The volume of the gas to measured, 
the temperature and proaauro determined, and the volume it would occupy at 0® and 
760 mm. calculated. A known volume of water is then introduced lute the tuba. The 
water must bo previously bulled, so as k* l>e quite freed from air In aolution. The tube to 
then closed by screwing it down cm to the India-rubber on the nut. It to than fixed on to 
the stand/, mercury and water are {mured into the intervening space between it and the 
exterior tube, which is than screwed up and closed by the cover jp, and the whole 
apparatus is left at rest for some time, so that the tube a, and the pa in It, may attain the 
same temperature an that of the surrounding water, which to marked by a toewwwMtef 
k tied to the tube ». The interior tube to than again closed by turning it in the nut, 
the cover p again shut, and the Whole apparatus to shaken in order that the gu in the 
tube s may entirely saturate the water. After several shakings, the tub# a is again 
opened by turning it la the nut, and the apparatus to left at rest for a certain time s St to 
then closed and again shaken, and so on until the volume of gas d tm not diminish after 
a fresh shaking-, that is, until saturation mmm. Observations mu titan mads of the 
temptMtatura,the height of the mercury Is toe Interior tube, and tha level of toe water ta 
Ilf #( Ub# <*{ flm iMmwy Wfh&$r to Ik# #s£4#?tei? tofe#* AJ2-§b$Mi ditto 

1 to to ^4§utoto lh# uimJ#* wbtok Ik# Aid if (foil &t Ik# |pMi tnfe$# 

place, and what volume of gee rematae usdtosolved, and oho toe quantity of water which 
servos ae the solvent, Ity varying the temperature of the surrounding water, the amount 
of gas dissolved at vari*>u» temperatures may be determined. Uuaseti, OariUS, and 
many others determined the solution *4 various gw»s In water, alcohol, and certain 
other liquids, by means of this apparatus. If in a determination of tills kind it is found 
that *t uubto centimetre# of water at a pressure h dissolve m cubic centimetres of a 
given gaa, measured at 0*’ and 760 mm., when the temperature under which flotation 
took place was t ', thaw it follows that at the temperature t (he m-r./flrimt pf mtuMMtff 

«•/ the g m In 1 volume of the liquid will be equal te™<* 

This formula to very clearly understood from the fad that the oo-eftedflet of solubility 
of gases ia that quantity measured at o ’ and 760 nun , which it absorbed At A ptessura 
of 700 mm. by one volume of a liquid. If n cubic tif water absorb m cubic 

centimetre# of a gas, then turn cubic eeitfctflMferB absorbs 9 , If*'* «n* of * p* Hit, 

absorbed nmk # a immwe of h mm,, than, iwourdutg te the law ot the v fit 


pnitfctruts of cnmmm 
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however uubsUintUl their form* wight be, mounUins, river bank* andl 
m> shores, plants ami animals, or the h*hiUtion«ftn<! coverings of men, 
could not exist for my length of time.** 

Substances which are easily soluble in water Wr a certain mums* 
bhwc« to it Thus sugar anti «*lt in many of their superficial features 

MtabQUy of *««• with tin* prtmm*, ttawa ww*U be AteMvM, wxW * j>» ®mm® at 
?(!0 mm,, a quantity varyto* in the mm* r»W« to ^ *• '?« i h t« >%Umnum%g Un» 

residual volume of it#* ft* tnnialure (»»U 1 1 s«* b# taheo o»t*» **>w*t4*rau»ii 

Jfelnw «we given tho number «*f gram* ««f (w»«»U «tWUN,-«* saturating too granule! 
water— that in, their «*v eStelanto »4 Mutably bjr tfw* A4t***ui totayataiitm."" 


Qmm 1 i 

t Ammonia, Nfl* . . » ♦ 
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ftemailHto* a mb&mm is so abgfaily ebiM* that « *»*y t» m ituutobto 

Many audl nhSMiWi w* met srtlb b»lto in «*4l4* t»4 teyailo, *n4 m*et» a ge* «• 
dttwTOlb It iow dissolve, dose *« in *■» «*mUI a {r< |*,«iwi by ****bl ifal IS mtgbt U 
eousktaed as sore did not Mm Mobility *4 **■«*» »« Mil* |4ay **» «n*|*wte»t |m»t 

in nabura (as la tbs restoration *4 W»») »»d **««» a >4 an i«Awi»*tei«4 i)ttMiniy «f a g-%* 
by wrifht so sanity measured by volume TW *>#» ■*>, »wlt »«*» « }n»® «*,o, <m| 
phurio said la the »bmi table* MwUm that « inter a,.*** with water in alt 
Thaw srs many sosfe esse# awumg b)«»U,«s4 •*eyl«4|r lnrt«6»«» Mai sfartt 

(absolute »1> idw'l) euu feu mixed «* my f*rujwgtfc*« onl* 

** Just aa the existence must U> ealinitfad *4 wWMwn wlwett *r« »««»|4*W!y un- 
deooHi{Huutblu (rhnraieaUyt at the >r»liiniy *»4 *4 «x)aiM»>«4 abash 

MW antirely nna-wlattl* at »n*l» a l*«>|«nixo »»»-4 ami #al4$, «ltb»^}b *4 

Assam pcwinii (wor4) m x«4aUU®s»(g Srf*44» at » Kaibar *l»* lb« 

ttosl bs sAmiUaA (4 stdwtanom sliiA tn Madly laacjabl* *a *%s«# woli-ai •,-*»« 

Of <Aw*|f« to tbalf state. Altfe*«*fb mummy to jaflaJly »«Ui4» *i &&» <«<t,aary «*■»■ 
pntw, thnrs Is m mmm to KMsAi Dust II «*4 tutaw mstaU «» «nluN« m 
«r etbe* sfasAst U^ubto. Bwm w. ssnwy tews a*4ato«a, «* « mU» 

0# tte <dim twadi thw# «r« msny w to ft ma as f«»a4 to mi<ii» wbtob &m W> v«ry 
allglrtly wJuWa hi water, that to *M*lia«ry fcy «* f %» MMMefM a* wMwAt# 

(f«i «aw|A#», taHnm wlytoato) Wm ite «4 that #®s««a |4«* M**w&**%g m 

wbteb a shABfs of «teto of ssbatStoM* ( e am Ua si t or 4m«4»s4, M*4 tojaa. ,« 

UAess JAMS, It f* w»y teyoftsst to nudm » dtott^u>-,a «t U*» 1 st* ;■•••«» «; yswaab, 

ton simi of AwmptoUou, wUUhty. «r wlntoluyi M»««, %» 

men, hut Urn j«raia>iit mstte4a of n*w*b md tb» 4at» «t «*» 4U*j •***& *4 Um 

tto* «*J| Jim* tesAi saeb q w m thit r s (by at«4yto* tte atetnmd ««a4*rtm»y «4 

eoltttteft* a»4 tte 4«vah»tww*t .4 to tteeo It s«i te 

bs slds s , that water to a UBwbar <«f cssea 4«wa mA AtowAs* a *a bat «#t* 

«a it ebsmWUy mi tern# » sotebts nMmm, thm gfew* «*4 ««sy mete, 
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remind one of ioo. Metals, which are not soluble in water, have no 
points in common with it, whilst on the other hand they dissolve eaob 
other in a molten state, forming alloys, just os oily substances dissolve 
each other j for example, tallow Is soluble in petroleum and in olive oil, 
although they are all insoluble in water. From this it is evident that 
the analogy qf mb stances forming a solution plays an important part, 
and as aqueous and all other solutions are liquids, there is good reason 
to believe that in the process of solution solid and gaseous substances 
change in a physical sense, passing into a liquid state. These con* 
sidemtiomr elucidate many points of solution —a®, for instance, the 
variation of the eo> efficient of solubility with the temperature and the 
evolution or absorption of heat in the formation of solutions. 

The solubility— -that is, the quantity of a substance necessary for 
saturation — txsne# with the temperature, and, further, with an increase 
in temperature the solubility of solid substances generally increases, and 
that of gaties decreases j this might b© expected, as solid substances by 
heating, and gases by cooling, approach to a liquid or dissolved state, 19 
A graphic method is often employed to express the variation of solu* 
bility with temperature. On the axis of absolute or on a horizontal 
line, temperatures are marked out and perpendiculars aro raised oorro- 
sponding with each temperature, whose length is determined by the 
solubility of the salt at that temperature —expressing, for instance, one 
part by weight of a salt in 100 parts of water by one unit of length, 
such a# a millimetre. By joining the summits of the perpendiculars, 
a curve is obtained which expresses the degree of solubility at different 
temperatures. For solids*, the curve is generally an ascending one— is. 
recedes from the horizontal line with the rise in temperature. These 
curvM clearly show by their inclination the degree of'rapidity of increase 
in solubility with the temperature, Having determined several point* 
of a curve— that it, having made a determination of the solubility for 
several temperatures— the solubility at intermediary temperatures may 
be determined from tho form of the curve so obtained ; in this way 
the empirical law of solubility may Ik* examined. 84 Tho reaultn of 

** Rellby (infill) •sperimantefl tm paraffin, anti fmuui that. one litre el solid paraffin 
at ar weighed 874 grows, and whoa liquid, ot ltd ranlUag.polat 8H ', 7 all grams, at 40®, 
776 gram*, and at 60", 7ti7 grams, from whioh the weight el a litre 61 liquefied paraffin 
weald 1 h» 7W4 poms at 31*' 11 i$ eeuld remain liquid at that Utwparatara, IJy’diJsalviag 
relid paraffin In lubricating ail at SI** Dailby found that 786 - S grama ocoopy ©as ettbto 
deeinutUe, from whkth ho concluded that tins wdutiwi ©©stained Jitjaafled paraffin, 

« Uay-busaae wa» tho first Us have recourse to each a gmphte method ot expreuislng 
aftiahUity, and ha ©e»aidor#d; in accordance with the general opinion, .that by joining up 
the summit* at the ordinates in two harmmtew com It i* pomtete t© express the entire 
«haag# el mduhUity with the temperature, Now, there are many reason* te» donating 
the accuracy el sueb s* adsdeatwH ter there are u nd o ubte dly critical points iacumeof 
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howvor tubit&ntiftl tlioir form* might bo, mountains, river banks and 
mm shore®, plants and animals, or the habitations and coverings of men, 
amid not exist for any length of time.* 3 

Butatanctw which are easily soluble in water boar a certain nmm- 
blpjoa to it. Thus nugar ami wait in many of their superficial features 

ftriabliiif of a PM With the {irtswmre, tln*rt» would tw dtootod, u»d»ir a premium nt 
WO mm., a quantity vary tag in tta ratio to *? am 789 : h. In determining tta 

wmldttid vcdum# of ga« it* twUatnre {note 1) Ritud b# token Ink) mmaidomiion, 

tWnw are siren the mimtar s*f grama »>! several mttatene## saturating 100 grata# of 
water - that ia, their r« epkieuts of witubtety by weight nt three different tempemture® :»« 


i 1'iygwr. t>* ■ 

Own | CwImhw anhydride, CO, .... 

I Awreswil*, NIl| . . , ♦ 

j ItwMwd. . . 1 

l4f|n)»te I Amyl miw>), <**lf i»fl .... 

Ulu!|'litlltK IWiit, .... 

I <)*{«»»•«, , 8lt,u .... 

Alnm.AlKH.n,.. 1*11.0 . 

Anhydfuna wdliim mtfgtate, NSfUOt* 

(‘rfwirtMt 84k H*0 .... 

Nu»s XNtH ...... 

tamMim** a mh&tmm t« so aUghtty aohible UmI it may b ounaidwred m tttwdnbl*. 
Many *«* It imb«tew»* m« mot with tatft in »*4ld» and liijtnd*, and mudt a g«u» an oxygen, 
elttangh tt 4*<a* «ti**A*e, the* an in *u email a proportion by weight that it might in* 
{W»*i)ter«*4 m earn dtd te>l tta wdahiltty * < *w» *«* little oxygen play an important part 
in nature fa* in Os# rwylwlii* *4 Retail ami were tu4 an infinitesimal quantity nf a gm 
bf weight m* e**ily msnaufed by Tta eign sjR. whleh etafida on a Una with wib 

phttft* *r.ad in lb* »k>» table* IteUrete* that it mteimiXe* with Water in all ymy artkaa 
There »r» many *wh omm among hymiR and erorytedy known, lot tnaiaoee, that ®J 4 «& 
(4mw4mI*> «4*-"h>4i van W nlw>1 m any pri-|*srttei* with water. 

w Jttal #» the violent!* mud 1* etmiitel ■ >{ iwhiteonei whinh ar« etimpletaly UJI- 
-5 ii }o <> i.eieteeily) a! the « -nlitsery toiiq-ef itnfe— and «>t mihatent «» svhit’h 
are eat .rely *•>■!> * • hlih at wit a t«>»i|*r»tune t »• w.*4 end g»)d|, although ra|>44<> «»f 
rteciti.rnjw-eiisg <w*-»-di ■* *«]«t*lw»t.g tg. i'll at a tagtar teui|i*r«lui»- «»• a)e» Use mirlmoi 
canak t» ahstiUe) 4 web 4a«»cc« wWlt ate Maltj utwdulde m water Without e»nnnd«tfr«M 

«f etange »» ttatr g al e Alttaegh mmwj i « pacttelly nMIt nl tha ordinary tem- 
l*f -ivt tw. tls,«r® te tw> mm ter thM.ti that it m 4 pmtiih) g#w tf ri u M s In waAnr, ahtwhit!. 

«* sMm« «mfhMr 1»|«|A#. tttww, fmwmy feww «*tathMMy m it attar motel*. 

On Ita stair tamd, tk«r* **• »«f mtatemM* tarnd te mttwm whkh an m ewry 
tagtaly aetabte te *«§Mf, ttat te urdteary jw»te» they may ta catwtetaad a* taoduhte 
|f.« mmmfAm, tartm* MdpM*! FW lit* fwmpwtHMiaimt ut that t4a« aanardoig te 

IT a irhawg e rd ® (ewstead nr dtwndved, 8*44, li’jnid, m 

t*fe»» yinw, it ia turf teymtait te make a 4teteite Unit at Iku u.nmlary line {>.»» apprtnwih. 
te* fmtn *4 daa4*|««itte*» mhOdttf* m wdobUlty J tatweeu an fnaigtuRcant amount and 
«##»»* tat tta pr«»eftt inattadi *4 m m m k nnd tta date at mi di^nwal at tbx piw«mt . 
mm» mlf J»*t wmeh «*th ^*mtte«wi (by tendyli* tta rdwdrtod mmimtoiMy ef ditete 
•4^-ltMMi m4 tta dewdeprmmt *4 Mtertew rgwtiem# m to). It mto ta rmsittal, 
tamtat, ttea wafer te a 4 mam to* ted ttawto « aa tateiw w M tat nste 

«a» it rtamivaUy and f«m« a ardahte rmta taium . ThtM gkm tad many nicta, wipmteUy 

4 bAafe a* in etatnttaUy ctanpd by water, tat an not dinetly twlahte te te 
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research have shown that the solubility of certain salts— as, for example, 
common table salt— varies comparatively little with the temperatu.ro j, 
whilst for other substances the solubility increases by equal amount® 
for equal increments of temperature. Thus, for example, for the 
saturation of 100 parts of water by potassium chloride thorn is required 
at 0°, 29-2 parts, at 20°, 34*7, at 40°, 40*2, at 60®, 46*7 ; and so on, 
for every 10° the solubility increase a by 2*75 parts by weight of the 
salt. Therefore the solubility of tho potassium ohlorido in water may bo 
expressed by a direct equation i « = 29*3 d- 0*27 5 1, where a represents tho 
solubility at t°. For other salts, more complicated equations are required. 
For example, for nitre: a = i3*3 + O*574<+O*O1717t 3 + O*OO(K)O30^ 
whioh shows that when f»0° csss 13*3, when fsvlO 0 u«a20*8, and when 
<=100° <(=246*0. 


Curves of solubility give tho means of estimating tho anumtu of 
salt separated by tho cooling to a known extent of a solution saturated 
solubility (for example, of sodium sulphate, as shown further on), anil It may b*t that 
definite compounds of dissolved Bubstau'oeft with water, la dwmipedjHg within hum 
limits of tomporaturo, give orltioal points more often than would )>§ Imagined j it may 
even bo, Indood, that instead of a continuous curve, solubility should be MpreMetb—U 
not always, thon not unfroquently— by straight or broken lines. According to Ditto, the 
solubility of sodium nitrate, NaNOg, is expressed by the following figures per loo part* 
of Water 

0° 4° 10° 15° <21° 20° fli« <w* 

00*7 71*0 70*8 80*8 85*7 020 0iH U8*fl mi 


In my opinion (1881) those data should bo expressed with exactitude by a straight line, 
C7*C+0*87f, whicii entirely agrees with the results of experiment. According to this 
tho figure expressing tho solubility* of salt at 0« exactly coincides with tho omnpcnittoa 
of a doflnito oliomioal oompound—NaNOg, 711,0. Tim experiments made by Ditto 
ehowod that all saturated solutions between 0° and - 18 , 7« have such a eotapwMMwB, 
and that at tho lattor tomporaturo the solution completely solidifies into one homo* 
genoous whole. Between 0° and ~l« n * 7 tho solution NaN0 4 7K,0 does not depo*ll 
either salt or ieo. Tlius tho solubility of sodium nitrate to cucpr cmm! by a broken 
straight lino. In riicont times (IHHh) retard dim..vor«l a mmdar ph«m.m»n..n 
in many of tho sulphates. Brandos, in 1 m 8M, tiimwB a diminuiinn in »<<Jubdity 
bolow 100° for manganese sulphate. Tho porwmtoga hy weight (m>. par Kw parte 
of tho solution, and not of water) at saturation for ferrous sulphate, IfeUtV, from 
-2 to + 00° ®18*B +0*87044— that is, the solubility oi the salt laertwm, THa »l»hility 
remains constant from 08® to 08® (according to llmuhm tint soluMUty then tommmi 
this divergence of opinion requires proof), and from 98 4 to IRf it folia m wlN'Ki- 
0*068Bf. Hence, at about +150° the solubility should **0, tuid this has been mnilmml 
ftxo° XP ?^o nt ' 1 '’h - *’®* on “ y l ,art > formula gives M l n lU . It f w || J 

65 and 88*8 p.o. at 02°, and this maximum amount of salt in th« mdutlon wry nmtlv 
oonrosponds with the oompositton FcSO^MHgO, whioh nqnlrtw 87*8 p.«, 1-V,«i *>«! 
has boon said, it a ev dent that the data concerning solubility require a now melted ut 

w,° b B ^ d baV0 ln vU)Wthe on tiro coalo of wdubihty-trom Uw t-m- 
atlon of completely solidified solutions (oryohydrates, which we shall speak ,>f 1WU ||,) 
to the separation of salts from their solutions, if this to a bfefe r tom- 

toSSl ;[ ° r . ma “ Ka . n08 ° “ d cadmiutn rolpbatot thereto an aufiro nqmte, mmmUm 
to Etard), or to tho formation of a constant solubility (for t^tehste tea ZaZ 

ihty, aoeording to fitard, remains constant from 108® to aud 84-t) i 

<Beo Chapter XIV, note 50, solubility of OaOl*,' U 0 ^ 
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at a given temperature For instance, If 200 parts of a solution of 
potassium chloride in water saturated at a temperature of 60° be taken, 
and it bo asked how much of the salt will be separated by cooling the, 
solution to 0°, if its solubility at 60°«45'7 and at 0°sa29‘2t The 
answer is obtained in the following manner* At 60° a saturated 
solution contains 45*7 parts of potassium chloride per 100 parts by 
weight of water, consequently 145*7 parts by weight of the solution 
contain 45*7 parts, or, by proportion, 200 parts by weight of the 
solution contain 02*7 parts of th© salt. The amount of salt remaining 
in solution at 0° is calculated as follows : In 200 grams taken there 
will be 137*3 grams of water j consequently, this amount of water is 
capable of holding only 40*1 grams of the salt, and therefore in lower- 
ing the temperature from 60° to 0° there should separate from the 
solution 62*7 — 40*1«22‘6 grams of the dissolved salt. 

The difference in the solubility of salts, <fco., with a rise or fall of 
temperature is often taken advantage of, especially in technical work, 
for the separation of salts, in intermixture from oaoh other. Thus a 
mixture of potassium and sodium chlorides (this mixturo is met with in 
nature at Stmmfurt) is separated from a saturated solution by subject- 
ing it alternately to boiling (evaporation) and cooling. The sodium 
chloride separates out in proportion to the amount of water expelled 
from the solution by boiling, and is removed, whilst the potassium 
chloride separates out on cooling, as the solubility of this salt rapidly 
decreases with a lowering in temperature. Nitre, sugar, and many 
other soluble substances are purified (refined) in .a similar manner 

Although in the majority of casts the solubility of solids increases 
with the temperature, yet there are some solid substances whose 
eolubilitira decrease on heating. Glauber's salt, or sodium sulphate, 
forme a pwrtioukrly instructive example of the case in question. If 
tills Halt be taken in an ignited state (deprived of its water of 
crystallisation), then its solubility in 100 parts of water varies with the 
temperature in tin* following manner : at 0°, f> parts of the salt form a 
saturated solution , at 2Q“, 20 parti of tlu* salt, at 33" more than 50 
parte. The solubility, on will l*o mm, inorcawsa with tin* temperature, 
an is the raw with nearly all salts ; but starting from 33° it suddenly 
diminishes, and at a temperature of 40°, lose than B0 jmrte (if the salt 
dissolve, at SO® only 4ft parts of the salt, and at 100® about 43 
parte of the wit in 100 parts of water This phenomenon may be 
traced to the following facte : Firstly, that this salt forms various 
compounds with water, as will bo afterwards explained ; secondly, 
that at 33** the compound NajSO^ + lOHgO fanned freon the solution 
at lower temperatures, melts ; and thirdly, that on evaporation at a 
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temperature above 33° an anhydrous salt, Na a S0 4 ' separates out. It will 
be seen from this example how complicated such an apparently simple 
phenomenon as solution really is ; and all data concerning solutions 
lead to the same conclusion. This complexity becomes evident in inves- 
tigating the heat cf Solution. If solution consisted of a physical change 
only, then in the solution of gases there would be evolved— and in the 
solution of solids, there would be absorbed— just that amount *of heat 
corresponding to the change of state ; but in reality a large amount of 
heat is always evolved in solution, depending op the fact that in the 
process of solution ohomloal combination takes place aooomi>anied by 
an evolution of heat. Seventeen grama of ammonia (this weight cor- 
responds with its formula NH a ), in passing from a gaseous into a 
liquid state, evolve 4,400 units of heat (latent heat) } that it, the 
quantity of heat necessary to raise the, temperature of 4,400 gram* of 
water 1°. The same quantity of ammonia, in dissolving in an excess 
of water, evolves twice as mu oh heat— namely 8,800 units— showing 
that the combination with water is accompanied by the ©volution of 
4,400 units of heat Further, the chief part of this heat Is eopdrated, 
in dissolving in small quantities of water, so that 17 grams of ammonia, 
ip dissolving in 18 grama of water (this weight corresponds with it® 
composition H s O), evolve 7,635 units of heat, and therefore the for* 
faction of the solution NHj-f-HjO evolves 3,136 units of heat beyond 
that due to the change of state. As in the solution of go**, the heat 
of liquefaction (of physical change of state) and of chemical combination 
with water are both positive ( -f ), therefore in the mlution qf ffwa* in 
water a heat effect is always observed. This phenomenon in diffiwmt in 
the solution of solid substances, because their passage from a solid to a 
liquid state is accompanied by an absorption of heat (negative, - heat), 
whilst their chemical combination with water is accomjmnirnl by an 
evolution of heat ( + heat) ; consequently, their sum may either bo a 
oooling effeot, when the positive (chemical) portion of heat is Um than 
the negative (physioal), or it may be, on the contrary, a hinting effect. 
This is actually the case, 124 grams of sodium thiosulphate (employed 
in photography) Na a S a Og,5H a O in melting (at 48®) absorbs 2,700 unite 
of heat, but in dissolving in a large quantity of water at the ordinary 
temperature it absorbs 6,700 units of heat, whiob shows the evolution 
of heat (about + 4,000 units), notwithstanding the cooling effwt 
observed in the process of solution, in the act of the chemical com- 
bination of the salt with water. 46 But in most case# solid subatamoei 

w The latest heat of fusion in determined at tee temperature of white* aaluifoa 
takea place at tec ordinary temperature, and one mwttEte tea* at *4. CpJK 
ton latent heat would be different, jtte ua tee latent teat d impmUm vXwK, 
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in dissolving in water evolve heat, notwithstanding the passage into a, 
liquid state, which indicates so considerable an evolution of ( +) heat 

the temperature (boo Note 11). Besides which, in dissolving, disintegration of the 
particles of both the solvent and the Bubutonoo dissolved tokos place, a process which in 
its mechanical aspect resembles evaporation, and therefore must oouaumo much boat* 
The boat emitted in the solution of a solid must therefore be considered (I’ersonne) as 
composed of three factors—fl) positive, the effect of combination ; (a) negative, tho offoob 
of transference into a liquid state ; and (il) negative, the effect of disintegration. In tho 
solution of a liquid by a liquid the »eoond factor in removed ; and therefore, if the heat 
evolved in combination is greater than that absorbed in disintegration a heating effect is 
obtKirved, and in tho reverse ease a cooling effect ; and, Indeed, sulphuric acid, alcohol, 
and many liquids evolve heat in dissolving in each other. Rat the solution of chloroform 
in carbon bisulphide- (Bussy and. liingct), or* of phenol (ok- aniline) in water (AloxiSdT), 
produces cold. In the solution of a small quantity of water in acetic acid (Abasheff), or 
hydrocyanic acid (Bunny and liingct,), or amyl alcohol (Alexdoff), oold is produced, whilst 
in Urn solution of these substances in an excess of water heat is evolved, 

The relation existing between the solubility of solid bodies turd the heat and tempera* 
lure of fusion and solution has been studied by many investigators, and more recently 
(1898) by Hcbriider, who states that in tire solution of a solid body in a solvent which 
does not act chemically upon it, a very simple process takes place, which differs but little 
from the Intermixture of two gases whioh do not react chemically upon each other. The 
following relation between the heat of solution Q and the heat of fusion jt) may then be 

taken : J • < constant, where T u and T are the absolute (from — 2?8 n ) temperatures 

* u ■* 

of fusion ami saturation. Thus, for instance, in the case of naphthalene the calculated 
and observed magnitudes of the heat of solution differ but slightly from each other. 

The fullest information concerning the solution of liquide in liquids lias been 
gathered by W. T. Aloxt'eff (lHHfl-lHH&j ; these data are, however, far from being 
sufficient to solve tho mass of problem# respecting thin subject. He showed that two 
liquids whioh dissolve in each other, intermix together in all proportions at a certain 
temperature. Thus the solubility of phenol, C«H«0, in water, and the converse, is 
limited up to 70”, whilst above tins tenijw-ralurc they intermix in all proportions. This 
Is warn from tins following figures, where p is the percentage amount of phenol and t 
the temjwraturfl at which the solution becomes turbid— that is, tlmt at whioh it la 
saturated 

J»» 7T3 10-80 18-81 8618 -88-08 86*70 48*86 6118 71*07 

trn l» 4 S‘» «0” ar 67° 67” «8° 68*» 80” 

It i» exactly the same with the solution of benm&A, undine, and other eubutiuu-ca in 
taolten sulphur. Alexdeff discovered a mrnilar complete Intermixture far solutions of 
secondary butyl alcohol in water at alniul 107" J at lower temperatures! the iioluhility in 
not only hunted, but Itelweeu 60" - and 70” it in at its minimum, both for solutions of the 
alcohol in water ami fur water in tho alcohol ; and at a temperature of 6'* both solutions 
#xUibtt a fresh change in their scale of solubility, so that a solution of the alcohol in 
water which is saturated between 8*' and 40” will liecome turbid when heated to 60". 
In tire solution of liquids in liquids, Ab'Xt’eff observed a lowering in ten»l»'mtur«s (an 
absorption of heat) and an absence of change in specific heal (calculated for the mixture) 
much more frequently than had l<eeu dime by previous ohaervem. A» regards Ids hypo, 
thesis (in the sense of a mechanical and not a chemical rejiresmitetion of solution*} that 
substances in solution prtwerve their physical states (as gases, liquids, or imlidsi), it ia 
very doubtful, for it would neewmitate admitting the presence of ice in water oar it# 
vapour. 

From what lta» been wrd above, it will be clear tlmt even in so vary simple a ease as 
solution, it is Impossible to calculate the heat omitted by chemical action atone, and that, 
An chemical prone## caunot he separated from the physical wad mechanical* 
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in the act of combination with water that it exceeds the absorption of 
(-) heat dependent on the passage into a liquid state, Thus, for 
instance, calcium chloride, CaCl 2) magnesium sulphate, MgS0 4 , and 
•many other salts evolve heat in dissolving ; for example, 60 grains 
,of magnesium eulphate evolve about 10,000 units of boat. Therefore, 
in the solution of solid bodies either a cooling 4 ® or a heating*? effect is 
produced, according to the difference of the reacting affinities, When 
they are considerable— that is, when water i» with difficulty separated 
from the resultant' solution, and only with a rise of temperature 
(such substances absorb water vapour) -r-then much heat is evolved in 
the prooosB of solution, just as in many reactions of diract combination, 
and thoroforo a considerable boating of the solution ia observed. Of 
such a kind, for instance, is the solution of sulphuric acid (oil of vitriol 
H a S0 4 ), and of caustio soda (IfallO), &e., in water. 88 

Solution is a reversible reaction ; for, if tho water bo expelled from 
a solution, tho substanoe originally taken is obtained again. But it 
must bo borne in mind that the expulsion of the water taken for 
solution is not always accomplished with equal facility, because water 
has different degreos of ohomical affinity far the substance dissolved. 
Thus, if a solution of sulphupio add, which mixes with water in all 
proportions, be heated, it will bo found that very different degrees of 
heat are required to expel the water. When it ia In a large excess* 

yu Tho ooollng afloat produced in Uw solution of eallds (and also fa the axpamdon of 
gases and in evaporation) is applied to the jtrodmUm of Umi Utmpmdurm, AiM» 
ftinm nitrate is vary often n^ed lor this purpose ; fa dlenolvtaf fa water it absorbs 7} 
units of heat par each part by weight. On evaporating tho solution thus famed, the 
aolia salt ia re-obtained. Tho application of the wUm/rmriny muturm in based p» 
tho name prfaoiplo. Snow or broken lee frequently enters fata the ©wnposilfan tit thus# 
mixtures, advantage being taken of its latent beat of fusion fa ardor to obtain the 
lowest possible temperature (without altering the pressure « urapfaylng boat, a» in oitn*r 
methods of obtaining a low temperature). For laboratory work ttwtnt raw is m«*»t often 
had to a mixture of throe parts of snow and one part of common wait, wlut-h the 
temperature to fall from 0° to -91° 0. potassium thfacyapate, Ki'Nd, »i»«4 with 
water (4 by weight of the salt) gives a stiU lower temperataira. By mixtatf ten part,# of 
crystallised oalolum chloride, OaOMfflW, with turren parte of wv, btatptolura 
may oven fall from 0 s to —58°. 

w The beat which is evolved fa wfatfan, or oven fa the dtfatkm of (^Jetton*, is ete 
tometbneo made use ot fa practice. Thus eawrtie soda (NxHO), fa ditaadviog w m th# 
addition of water to a strong solution of It, evolves so much heat that it mt rephuM fad. 
In steam boifar, which has bean previously liaafad to tho boLLfag point, aw.lfar fentfar 
is placed containing caustic soda, and tins exhaust ((team in made to peas UerangU thsv 
latter; the formation of steam tlien goes on for a somewhat long jmrimt t*l tfaw wisiwwl 
(fay other healing. Norton makes use of this for amokelew street IrawaoWw, 

« The temperatures obtained by mixing mesohydrated auJphuite hM, wills 

ctflerent quantities of water, are shown on the lowest curve fa %, 1?, the relative pm 
portions of both substances being expressed fa percentages by weight abmg the barf, 
sontal axis. The greatest rise. of temperature is 149®. Itearraepood* with tlw y mteB t 
evolution of hea,t (given op, the middle curve) oomeponding with a daftwte votes* 
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water is given off at a temperature slightly ab6vo 100°, but if it be in 
but a small proportion there is such an affinity between it and the 
sulphuric acid that at 120°, 150°, 200°, and even at 300°, water is still 
rotainod by the sulphuric acid. The bond between tho remaining 
quantity of water and tho sulphuric aoid is evidently stronger than tho 
bond between the sulphuric acid and tho excess of water. Tho force 
acting in solutions is consequently of different intensity, starting from 
so feeble an attraction that the properties of water— a«, for instance, its 
power of evaporation— are but very little changed, and ending with 
cases of strong attraction between the water and the substance dis- 
solved in or chemically combined with it In consideration of the very 
important significance of the phenomena, and of the cases of the 
breaking up of solutions with separation of water or of the subatanoe 
dissolved from them, we shall further discuss them separately, after 

<100 o.o.) of the solution produced. Tho top curve expresses the degree of contraction, 
which o-loo corresponds with 100 volumes of the solution produced. The greatest com 
traction, as also tho greatest rise of temperature, corresponds with the formation of a 
trihydrato, H-aHO^Ul r.,0 ( *>70 , 1 p.o. 1I,80 4 ), wlileh very likely repeats itself in a similar 



*iu, 17,- Corves expressing the mmtreetlao, Quantity ef heat, and rises of temperature produced hr 
mixing sulphuric a«M with water. Percentage of 11*80. Is given atoag the axis of ab;mi*»a 

form in other solutions, although all tho phenomena (of contraction, evolution of heat, and 
vice of temperature) are very complex and are dependent on many elreamstaneaa. One 
would think, however, judging from the above examples, that all other influence* are 
feebler in their action than chemical attraction, especially when it is m conaiderabltf as 
between sulphuric acid and water. 
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having acquainted ourselves with certain peculiarities of the solution 
of gases and of solid bodies. 

The solubility of gases, whieh is usually measured by the volume 
of gas 29 (at 0° and 760 mm. pressure) per 100 volumes of water, varies 
•not only with the nature of the gas (and also of the solvent), and 
with the temperature, but also with the pressure, because gases them- 
selves change their volume considerably with the pressure. As might 
be expected, (1) gases which are easily 'liquefied (by pressure and cold) 
are more soluble than those which are liquefied with difficulty. Thus, 
in 100 volumes of water only two volumes of hydrogen dissolve at 0° 
and 760 mm., three volumes of carbonic oxide, four volumes of oxygen, 
&c., for these are gases which are liquefied with difficulty ; whilst 
there dissolve 180 volumes of carbonic anhydride, 180 of nitrous oxide, 
and 437 of sulphurous anhydride, for these are gases which are rather 
easily liquefied. (2) The .solubility of a gas is diminished by heating, 
which is easily intelligible from what has been said previously— 
the elasticity of a gas becomes greater, it is removed further from 
a liquid state. Thus 100 volumes of yater at 0° dissolve 2'5 volumes 
of air, and at 20° only 1*7 volume. For this reason cold water, when 
brought into a warm room, parts with a portion of the gas dissolved in 
it. 80 (3) The quantity of the gas dissolved varies direotly with the 
pressure. This rule is called the law of Henry and Dalton , and is 
applicable to those gases which are little soluble in water. Therefore 
a gas is separated from its solution in water in a vacuum, and water 
saturated with a gas under great pressure parts with it if the pressure 

89 If a volume of gas v bo measured under a pressure of h mm. of mercury (atj_0°) 
and at a temperature t° Centigrade, then, according to the combined laws of Bbylo, 
Marietta, and of Gay-Lussac, its volume at 0? and 760 mm. will equal the produot of v 
•into 760 divided by the produot of h into 1+ at where a- is the co-eflicient of expansion 
of gases, which is equal to 0*00867. The weight of the gas will be equal to its volume oft 
0° and 760 mm. multiplied by its density. referred to ait and by. the weight of one volume 
of air at 0° and 760 mm. The weight of one litre of. air under these conditions being *=* 
r298 gTam. If the density of the gas be given, in relation- to hydrogen this must bo 
divided by 14*4 to bring it in relation to air; “If the gas be measured when saturated 
with aqueou§ vapour, then it must be reduced to the volume and weight of the gas when 
dry, according to the rules given in Note 1. If the pressure be determined by tv column 
of mercury having a temperature t, then by dividing the height ot the column by 
i+0‘00018f the corresponding height at 0° is obtained. If the gas bo enclosed in. a 
tube in which a liquid stands above the level of the mercury, the height of the oolumn of 
the liquid being = H and its density = D, then the gas will be under a pressure whioh 

tm 

is equal to the barometric pressure less ^ , where 13*59 is-the density of mercury. By. 

these methods the quantity of a yasia* determined, audits observed volume reduced to 
normal conditions or to parts by weight. The physioal data concerning vapours and-, 
gases must be continually kept in sight in dealing with and treasuring gases. The studenh 
pruBt become perfectly familiar with the calculations relating to gases. 

so According to Bunsen, Winkler, Timofeeff, and others, 100 vole, of water under & 
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be diminished. Thus many mineral springs are saturated underground 
with carbonic anhydride ‘under the great pressure of the column of 
water above them. On coming to the surface, the water of these springs 
boils and foams on. giving up the excess of dissolved gas. Sparkling 
wines and aiirated waters aro saturated under pressure with the same 
gas. They hold- the gas so long as they are in a well-corked vosaol. 
When the cork is removed and the liquid comes in contact with air at 
a lower pressure, part of the gas, unable to remain in solution at a lower 
pressure, is separated as froth with the hissing sound familiar to all. 
It must bo remarked that the law of Henry and Dalton belongs to the 
class of approximate laws , like the laws of gases (Gay-Lussac's and 
Mariotto’s) and many others —that is, it expresses only a portion of a- 
complex phenomenon, the limit towards whioh the phenomenon aims. 
The matter is rendered complicated from the influence of the degree of 
solubjlity and of affinity of the dissolved gas for water. Gases whioh 
are little, soluble— for instance, hydrogen, oxygen, and nitrogen —follow 
the law of Henry and Dalton the most closely. Carbonic anhydride 
exhibits a decided deviation from the law, os is seen from the determi- 
nations of Wroblowski (18H2). I to slutwod that at 0" a cubic centi- 
metre of water absorbs 1 ‘8 cubic centimetre of the gas under a premium 
of one atmosphere ; under 10 atmospheres, 10 cubic centimetres (and 
not 18, as it should bo according to the law) ; under 20 atmospheres, 

ptMfture of one atmosphere absorb the following volumes of ga« (raeoBured at 0 f) end 
760 mm.) 

10846078 0 10 11 

0° 4-80 0-88 2‘1B 1707 8‘84 180-5 487-1 088-8 64 104080 7-88 

90° 8-10 1-04 1-88 00-1 8'80 07-0 000-5 000*0 8*6 06400 4-71 

1, oxygen j 0, nitrogen j 8, hydrogen { 4, carbon! a anhydride ; 5, oorbonm oxide ; 0, nitrone 
oxide ; 7, hydrogen sulphide; 8, sulphurous anhydride; 9, marsh gas; 10, ammonia; 11, 
nitric oxide. The decrease of solubility with a rise of temperature varies for different 
gases ; It Is greater, the greater the molecular weight of the gas. It la shown by ealtmlo* 
. Won that this decrease varies (Winkler) as the cube root of the molecular weight of the 
.pan. This is seen from the following table : 


l)iw» of solabtUty per 
SO*’ lu per e«nt. 

Oube root of molecular 
weight 

Katie between iteermwo 
ami oube root of mol. wt. 

H, 

18-80 

1-850 

10-17 

N® 

04-88 

8-087 

11-80 

OO 

84-44 

8-087 

11-84 

NO 

80*84 


11*00 

O, 

80*66 

0-175 

11-61 


Tim decrease in the coefficient of absorption with tlm temperature must be eonneeted 
‘with a change in the physical properties of the water. Winkler (1891) remarked aeertsln 
relation between the Internal friction and the coefficient of absorption at various tem- 
peratures. 

*5 











26*6 cubic centimetres (iostoatd of 36), md under 30 atmosphere*, 33*7 
cubic centimetre!. 85 However, ns the researches* of Bechenoff «how, 
the absorption of carbonic anhydride within certain limits of change 
of pressure, and at the ordinary temperature, by water - and even by 
solutions of salts which .are not chemically changed by it, «»r do not 
form compounds with it— very cloeely follows the law of Henry and 
Dalton, so that the chemical bond between thin gaa and water is m 
foeblo that the breaking up of the solution with munition of the gas 
is accomplished by a dooronae of pressure alone, 18 13m iw \n different 
if a oonaiderablo affinity exists between the tluMnlvrd gnu and water. 
Then it might oven bo expected that the gas would not 1«» entirely 
separated from water in a vacuum, as should Ik» the case with gam* 
according to the law of Henry and Dalton. Hueh gaaea -and, in 
general, all those which are very rolabio —exhibit a distinct deviation 
from the law of Hoary and Dalton. As example*, ammonia and hydro* 
chloric acid gas may be taken. The farmer is separated by ladling and 
decrease of pressure, while the latter Is not, but they both deviate di*» 
tinotly from the law. 



It will bo remarked, for Intt&ucts from this table that whilst the 


31 These figures show that the ee^flteloat of tuduhtlUy Amtmm* will* «« inrrwMt »4 
pressure, notwithstanding that the earbanio anhydride npffiwA mm & liquet *t*t» a* a 
matter of fact, liquefied oarbenla anhydride nnt taterwl# with water. **»4 iUi tw* 
exhibit a rapid increase in solubility at its tntnperottm *4 Uqtt*4»te<>«. Thu in.Wet®*, 
in the first place, that solution A <m net coniMet m liquefaction. m4 in Ihn mmm4 pi**# 
that the solubility of a aubetaeee « d»t#mlw»ti by a $*#el4*r *4 w*t»r U# th« 

substance dissolving. W»M®wAi vm it $«*.**W» «*» *4mn th«t « 4i«*4mt 

gas retains its properties wap* This h# <Wsiml kmm »hteh *W«I 

that She rate el dtttuskm el pn#t is a solvent is, far p### «f mwmlf 

proportional to ted square roots of tW dwwlMes, pM m Hw *#Ww.te* p# k»mh. m »V#. 
’<mie* (see Koto 81 ). WreWtwskl shewed the nftettf of water, H t n, u f wW»t« 
anhydride, 00* km j*he foot that oo wpamito* mm wmtmmm4 mtlmrn 
(oomprossod at 0« under a pressure el 10 atauwphem} bn obtained (* tell 5w m* fmum 
takos plaoo from the expanaien) a my wwtehle definite etyrtelliwe vn . , i*tl/A 

m As, according to the tmmim «l Bewneearf hk eotWkwaW*, *mt*<** •shiUtn 
« ooneiderable deviation at lew tempwatw*^ fan the Uw trf iWy »„4 «M4 

M100 6 the deviation is hmU, , it would appear thtk the mIimmm *4 tew 

poratureaflocte att gaseous eoluBean, that is, at high tawpnraliww, tfc* of «U 

gases. will folia* th* law, and at lower tempcnUura tlm* wffl m «u mm* \m * tkvtetfem 
leom lb 
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pressure Increased 10 fames, the solubility , of’ ammonia only inoreosod 
4 1* times. 

A number of examples of suoh cases of absorption of gases 
by liquids might be cited which do not in any way, even approximately* 
agree with the laws of solubility. Thus, for instance, carbonic anhy- 
dride is absorbed by a solution of caustic potash in water, and if 
sufficient caustic potash be present it is not separated from the solution 
by a decrease of pressure. This is a case of more intimate chemical 
combination. A correlation less completely rftudied, but similar and’ 
clearly chemical, appears in certain cases of the solution of gases in 
water, and we shall .afterwards find an example of this in the solution 
of hyclrogeq iodide; but we will first stop to consider a remarkable 
application of the law of Henry and Dalton 33 in the case of the solution 
of a mixture of two gages, and this wa must do all the more because 
the phenomena which, there take place cannot bo foreseen without a 
clear theoretical representation of the nature of gases . 84 

M The ratio between the pranauro and the amount of gas cUanolved wan (Uncovered by 
Henry in lBOfl, and Dalton in 1H07 poiutod out the adaptability of this law to caw# of 
■gaseous mixtures, introducing the conception of partial pressures which is absolutely 
.necessary for a rigid comprehension of Dalton'# law. The oonoeption of partial premimiu 
essentially enter# into that of the diffusion of vapour# in gose# (footnote 1) ; for the 
premium of damp air is equal to the #um of the pressure# of dry atr and of the aqueous 
vapour in it, and it is admitted as a oorollary to Dalton's law that evaporation in dry 
'air takes place as in a vacuum. It is; however, necessary bo remark that the volume of 
'a mixture of two gases (or vapours) is only approximately equal to the sum of the volume# 
■it its constituents (the same, naturally, also reflirs to their pressures) — that is to ssy, in 
mixing gases a change of volumo occurs, which, although small, i» quite apparent when 
Carefully measured. For instance, 'in IfJHH Brhwti showed that cm mixing various volume®, 
'Of. sulphurous anhydride (HO tt ) with earlxmio anhydride (at equal pressure# of 7 Ml mra, 
/end equal temperatures) a doorcase af pressure of 8'9 millimetre# at mercury wa# 
observed. Tim possibility of a ohemiedl tuition in similar mixtures in evident from tha 
falsi that equal volume# of (sulphurous and carbonic anhydrides at —19" form, awarding, 
to Picket'* researches in 1888, a liquid which may be regarded a# an mutable chemical, 
compound, or a solution similar b that given when mslphurou# inhydride and water 
combine to an unstable chemical whole. 

W.The origin of the kinetic theory of gases now generally accepted, according in 
which they arc animated by a ritpid progensivo motion, is very ancient (Hernoililll nml 
others in the last century had already developed a similar representation), hut it wa# 
only generally accepted after the mechanical theory of boat hod U>en mitahlisUrd, and 
afU'r the work of Kriiuig (1H&B), and esjawsudly after its Itmthi'mxlical e.dn had been * 
worked out by Clausius and Maxwell. The pressure, elasticity, diffusion, are! internal 
friction of gooes, the lows of Boyle, Marietta, owl of Clay Luttmo and Av< »gadro-G erhard t 
are not only explained (dedueed) by the kinetic theory of gamm, but alfto oxprowwsd with 
perfect exactitude ; thus, for example, the magnitude of the internal Motion of different 
gft#ea was foretold with exaetitude ,by Maxwell, by applying the theory of probahiliMoa 
to the impact of gaseous particles, The kinetic theory of gases most tfietefor# her 
considered as one of the moot, brilliant acquisitions of the latter half of the proaent 
century, The velocity of the progressive rooUoo of the particles of a gm, om rabio 
cottttmctre of which weighs d gram#, is found, according to the theory, to be equal to 
tiie square rook of tire product of 6pDg divided by A p is the pressure under which' 
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TU law 0 / partied prMttv.ru k as follow* : — 1 Tho solubility of gam 
In intermixture with each other il©#§ not depend on tlm influvncoof 
the total pressure acting on the mixture, but ou the influtmoo of th*fc 
portion of the total prewuro which is due to the volume ol each given 
gas in the mixture. Thus, for instance, if oxygen and carbonic 
anhydride were mixed in aqual volumes arid oxertmi a pressure of "60 
millimetres, then water would devolve so much nf each of thrum gases 
as would be dissolved if each loparatoly extu h-d a pressure of half an 
atmosphere, and in this ease, at O'* one cubic centimetre of water would 
dissolve 0*02 cubic centimetre of oxygen and 0 Utl cubic centimetre of 
carbonic anhydride. If the pressure of a gaseous mixture orjuttls 
and in n volumes of the mixture there be a volumes of a given gaa, 


d la determined expressed In centimetres of th# marewry column, t> sto weight *4 * coU« 
centimetre of mercury in gram# (IJM8 88, rwueequenUy ito twwmsd jtr<>«»uf« <*» 

1,088 grama on a aq, cm.), anti g the aowtaratifm nf gravity m 

at the ana level and long, 48 0 «*8M SljS at HI. IVtorahurg ; t» gi>»v*>rat «t atutn* with Ihm 
longitude and altitude ot the locality). Thereto*, al a* lb** **to<uy *4 hydrogen u 
and of oxygen 4fll, metres per ewentid. This t# the averai* v*toeity, *m 4 (arwwrtltag to 
Maxwell and albert) it ia probable ttol th* v*toitw»a of individual fatthdeu aw «U(to»«tt ; 
that is, they ooeur in, as it ware, different mwwHtto*wi of which it ht wry 

important to take into <wa«lderatkm in tamligeUug many |4nwi««**»* |»r»j*«r i*t matter. 
It l» evident from the above determination «4 tto velocity of *»<«»*, ilwt Uiftowut g**«* 
at the aame tomparatart and pmstrr* have average vetotu**, »ht*>h «r® (nvereety 
portionol to the square roots of their dettaiti** 1 title i* »J»» «to«w t»? *lir«wt 
moat on the flow of gases through a fine wt(k<>, « through a |a»r*.«« ***U Thu tll*> 
timUar velocity of flow for different gnaw ia frequently Nkw* whom*** «tf i« rhemtaU 
researches (see Chap. It and also Chap, VII.) in order to «wp*rato i»« ga*** having 
different densiUeii and velodtles. The dlftowe# of the vetontt nf fk,w »,f £MM 
determines the phenomenon oiled in the following tottonb* tor 4«w»»irs*ttng tto «*i»b 
Onoo of an internal motion la pew. 

It for a certain antes of a pa which fatty and etactiy toltora IV U«re ,.f Marietta 
and Gay-Lussac the temperature t and the prevent* p to changed einmltouentuly. Uww 
the entire change wonltl he expressed by tto eqoalknt pt»~V ft * »t), „ f( *tol J* jto, 
same, jiv «*JR!T, where T « t + '47 i) ami O ami H are eonebwiU wtob vary »«s «mly with tfe* 
units taken hul with the nature of the g«w and IN ushm, tlnl th»r<> »r» titowwiMMatoi 
from both the fundamental laws of pees (vrhmh will to dtonmu»l t« i to totl*r»»»g 
cno.pt^r), fttii iwi, on th@ on© HftOfly & MrifUn 

must be admitted, while on the other basal tto tnuhml to# *rf m m* ib*mmhm w«*4 
oeoupy a pertioa. of a «p*e«, bw»» tarwdtoiwy &**, wiihl# any «ma*4*r*bto voriattoa 

ot pressure and temperature, tm>wm should to tod to Va« M W«|» 

t fy + y a (w«o 


whm a is the tote emeffleient of «aqmnrfa« of 

Of fA T^r 01 Vfta . der W f^ hm « «*P «eWJy tepwUal aignUtouN* Im ife* re** 
oases & ^ mU> I U ^ d rt " Ut ‘ ** tntAMmUl «t to 4 b 

features d ^ ^ d# “* mU “P"^ by it, alttom fc *t» only m itoir 

whS a aIro! l li e n??‘ iri M th f te whto'to l «• fobbed ««, 

meSi5TandS ri !*?"! *?* * to toh#4 tm m 

* m b « P artkll y oonsldarsd fat the footaotee of the MtovLg 9 u£i 1 1 
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then its solution will proceed as though this gas were dissolved under 

,a pressure That portion of the pressure under influence of 

n 

which the solution proceeds is termed the * partial ’ pressure. 

In order to clearly understand the cause of the law of partial 
(pressures, an explanation must bo given of the fundamental properties 
i<>f gases. Gases are elastic and disperse in all directions. We aro 
led from what we know of gases to the assumption that these funda- 
mental properties of gases are duo to a rapid progressive motion, in 
all directions, which is proper to their smallest particles (molecules ). 39 
These molecules in impinging against an obstacle produce a pressure. 
The greater the number of molecules impinging against an obstacle in 
a given time, the greater the pressure. The pressure of a separate gas 
or of a gaseous mixture depends on the sum of the pressures of all the 
molecules, on the number of blows in a unit of time on a unit of 
surface! and on the mass and velocity (or the vis viva ) of the impinging 
molecules. The nature of the different molecules is of no acoount j 
the obstacle is acted on by a prossuro duo to the sum of their vis viva. 
But, in a chemical notion such as tho solution of gases, the nature of 
the impinging molecules plays, on tho contrary, tho most important 
part. In impinging against a liquid, a portion of tho gas enters into 
the liquid itself, and is held by it so long as other gasoous molecules 
impinge against the liquid— exert a pressure on it. As regards the 
solubility of a given gas, for the number of blows it makes on the 
surface of a liquid, it is immaterial whether other molecules of gasea 

m Although the octuol motion of gaeehus molecules, which fit accepted by tho 
kinetic theory of gases, cannot be seen, yet its existence may be rendered evident by 
Inking advantage of the difference in the velocities undoubtedly belonging to different 
game which are of different densities under equal pressures. The molecules of a 
light gas must move more rapidly than the molecules of a heavier gas In order to pro- 
duce the same pressure. Let ns take, therefore, two gases— hydrogen and nir| tho 
former is 14'4 times lighter than the latter, and hence the molecules of hydrogen must 
.move almost four timosi more quickly than air (more exactly 8-8, according to the formula 
given in the preceding footnote). Consequently, if a porous cylinder containing air is 
Introduced into an atmosphere of hydrogen, then in a given time tho volume of hydrogen 
which succeeds in entering tho cylinder will lie greater than the volume of air leaving 
the cylinder, and therefore the pressure in aide the cylinder will riuo until tho gaseous 
mixture (of air and hydrogen) attains an equal density both inside and outside the 
.cylinder. If now the experiment be reversed and air surround tlm cylinder, and 
.hydrogen be Inside the cylinder, then more gas will leave the cylinder than enters it, and 
j hence the pressure inside the cylinder will ho diminished. In these considerations we 
have replaced the idea of the number of mol mil km by the idea of vol times, We shall 
learn subsequently that equal volumes of different gases contain an equal number of 
molecule# (the law of A.vogadro* Gerhordt) , and therefor® instead of speaking of tho 
number of molecules we can spook of the number of volumes. If the cylinder be par» 
Hally Immersed in water the rise and fall of the pressure can be observed directly, and/ 
Hut experiment consequently rendered pelf -evident 
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Impinge aide by aide with it or not. Hence, ilia solubility of a given 
gas will be proportional, not to the total pressure of a gaseous mixture, 
but to that portion of it which ii duo to the given gmi separately. 
Moreover, the saturation of a liquid by a gas depends cm iho fact that 
the molecules of gases that have entered into a liquid do not remain 
at rest in it, although they enter in a harmonious kind of motion with 
the molecules of the liquid, and therefore they throw themselves oflf 
from the surface, of the liquid (just like its vapour if the liquid bo 
volatile). If in a unit of time an equal number of molecules penetrate 
into (leap into) a liquid and leave (or leap out of) a liquid, it is 
saburalod. It is a oaso of mobile equilibrium, and not of rest. Them* 
fore, if the pressure bo diminished, the number of molecules departing 
from the liquid will exoeod the number of molecules entering into the 
liquid, and a fresh state of mobile equilibrium only takes place under a 
fresh equality of the number of molecule* departing from and entering 
into the liquid. In this manner the main feature* of the nutation am 
explained, and furthermore of that special (chemical) attraction (pent* 
tration and harmonious motion) of a gat for a liquid, which determines 
both the measure of solubility and the degree of nubility of the 
solution produced. 

The oonsequen&es of the law of partial pressures are exceedingly 
numerous and important. All liquids in nature are in contact with tbs 
atmosphere, whioh, as w© sh&U afterwards see more fully, cunninU of 
an intermixture of gases, chiefly four in number -oxygen, nitrogen* 
carbonio anhydride, and aqueous vapour. 100 volume* of air contain, 
approximately, 78 volumes of nitrogen, and about 'it voluntas <4 
oxygen ; the quantity of carbonic anhydride, by volume, down not 
exceed 0*00. Under ordinary circumstance*, the quantity of aqueous 
vapour is muoh greater than this, but it varies of court* with chmatio 
conditions. We conclude from these numbers that the notation of 
nitrogen in a liquid in contact with the atmosphere will pmc«Kwl unde* 
a partial pressure of ^^><760 mm. If the atmospheric pressure equal 
760 mm. j similarly, under a pressure of W mm. of mvreury, the 
soluHon of oxygen will proceed under a partial pressure at about 
160 mnu, and the solution of carbonio anhydride only under the vary 
small- pressure of 0*4 mm. As, however, the solubility of oxygen in 
,water is twice that of nitrogen, the ratio of O to N dissolved in water 
will be greater than the ratio in air. It ie easy to calculate what 
quantity of eaob of the gascsi will be contained in water, and taking 
he simplest case we will calculate what quantity of oxygen, nitngtm, 
and carbonic anhydride wiU be dissolved from air bating tbs above 
eomposition at 0° and 760 mm. pressure, Under a pmHuns of 760 wiro * . 
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1 cubio centimetre of water dissolves 0-0203 cubio centimetre of nitrogen 
or under the partial pressure of 600 mm. it will dissolve. 0-0203 x §-§■#; 
or 0 0100 cubic centimetre j of oxygen 0*04:11 x}$$, or 0-0086 cubic cen- 
timetre ; of carbonic anhydride 1*8 X ~~ or 0-00095 cubio oentimetre i 

hence, 100 cubic centimotros of water will oontain at'O 0 altogether 

2 65 cubio centimetres of atmospheric gases, and 100 volumes of aii*- 
dissolved in water will contain about 62 p.o. of nitrogen, 34 p.c. of 
oxygon, and 4 p.o. of carbonic anhydride. The water 6f rivers, wells, 
•Ac. usually contains more carbonic anhydride. This proceeds from' 
the oxidation of organic substances falling into the water. The amount 
of oxygon, however, dissolved in water appears to bo actually about 
the dissolved gases, whilst air contains only £ of its by volume. 

According to the law of partial pressures, whatever gas bo dissolved 
In water will be expelled from the solution in an atmosphere of another 
gas. This depends on the fact that gases dissolved in water escape 
from it in a vacuum, because the pressure is nil. An atmosphere of 
anothor gas acts like a vacuum ou a gas dissolved in water. Separation 
then proceeds, booauso the molecules of tho dissolved gas no danger 
impinge upon the, liquid, are nob dissolved in it, and those previously 
hold in solution leave tho liquid in virtuo of thoir elasticity. 30 For the 

3a Hera two oases occur ; either the attnosphoro surrounding the solution nmy lio 
limited, or it may bo proportionally so vast an to bo unlimited, like tho earth's atmo- 
sphere. If a gaiMjgua solution bo brought into an atmosphere of another gas which la 
limited — for instance, an in a cloned vessel-then a portion of the gas hold In solution 
will be expelled, and Urns pass 'over Into the atmosphere surrounding tho solution, and 
will produce its partial pressure. Let us imagine that water saturated with carbonic 
anhydride at 0° and under tho ordinary pressure is brought into an atmosphere of a gfta 
which ie not absorbed by water ; fox Instance, that 10 o.c. of an aqueous solution of ooiv 
bonle anhydride is Introduced into a vessel holding 10 e.o. of such a gas. The solution 
will contain 18 o.o, of carbonic anhydride. Tho expulsion of thin gas proceed « until a 
stats of equilibrium is arrived at. The liquid will then contain a certain amount of 
oarbouio anhydride, which is retained under the partial pressure .of that gas which lia® 
been expelled. Now, how much gas will remain In the liquid and how much will pass 
over into the surrounding atmosphere ? In order to solve this problem, let us suppose 
that <e cubic centimetres of carbonic anhydride are retained In Use solution. It in evident 
'that the amount of carbonic anhydride which p netted over into the surrounding atmo- 
sphere will bo 1H—#, and the total volume of gas will be 10 + 1B — * or SW — aj cubic centi- 
metres. The partial pressure under which the carbonic anhydride is then dissolved will 
be (supposing that the common pressure remains constant the whole time) equal to 

jjzj, henoe there la not in solution 18 c.o. of earbokio anhydride (ay would- bo 
the case were the partial prwwuro equal to the atmospheric pressure), but only 
JIB which is equal to ®, and we therefore obtain the equation 18 

Stance Again, where- the atmosphere into which the gaseous solution is intro- 

duced Is not only that of another gas but also unlimited, then the gas dissolved will, ba 
^passing over from the solution, diffuse Into this atmosphere, and produce ’ m Infinitely 



86 


will bo occupied by aqueous vapour, and therefore nil lhi» priwaurt 
acting on the gas will bo due to the itquwux vapour. On this account, 
the partial pressure of the dissolved gas will l*e very inconsiderable, and' 
this is the fiolo reason why a gtu wparat** /nun a solution tm fooiiimj 
tha liquid containin'? it. At the boiling pent of water the liability 
of gases in water la still smHieiently great for a con%it|«uvib!e quantity, 
of a gas to remain in solution. The gas dissolved in the liquid it 
'carried away, together with the aqueous vapour ; if Uubng be con* 
tinuod for tv long time, all the gas will finally he separated Jf 

It is evident that Mm conception of the partial prcMutw of ganeii 
should bo applied not only to the formations of solutions, but n!*o to ail 
«&sos of chemical action of game*. Especially numerous are its appli- 
cations to the physiology of re»piraU|»n, for m tlnwe cases it ia only the 
oxygen of tho atmosphere that acU, 3s 

small prtutura In the unlimited atmcufdww, w« g** eon to retained in 

«olution under this Infinitely small prnwitiro, and it wolf to entirely •> * j ^ 1 1**1 Urn 
solution. For thi# maun water saturated w.Ut & gm whoh to net r.*nta»»**4 o» «ur, will 
fin antiraly dtprtvad of the dissolved g4« if left t«» the »>r v. «t«r «Imi j <*Me« 

off from a solution Into th« atmnapher*, and H <» e»*4«mt ttos might to me h tt 

saw on ft oonslant proportion between the quantity *4 water najentawt m »4 tto quantity 
of a gas expelled from a solution, an that net th» r«» *!«*»». t«i its® onto® 
lion, would pass off. A similar case la ushddtol te w.tnU»t>a whi.h ««> «..* •!««* 
by heat fsueh ft# thorn of hydrofM chloride #»4 tolld*), m will afterward* to r - •n»der*«l< 
87 However, in those cone# when the variation of tto ro *•( with she 

temperature in not tmlfioienlly great, and when a known qiMtittiy >•( »>$»»»..»« **{•«, tur 
and of U»e pas pa»»eu off from a wdttltoi at the tolling p»iut. an elm. sphere u<», tm 
•obtained having tho name eompoaillon a« Urn liquid H**4f tn sin® , *«> tto am-tml *4 
gas passing over Into such an atmosphere will tod to greater U>*»* that told )•* the 
liquid, and therefnm with a gaeoooa solute, n will dlatit m»r awlMiigwl Tto ••dnti'm 
will theft raprwent, like a nutation of hydrtndto aei4 in water, a Supo-l «h„ h i» n,»| 
altered by distillation, while the prewswre under whnh tiiie uh «W* fyBk* 

main# coartant. Thu# in all It# aepect# o«4«H *a preamita from W*« •«„»» l#»Wa 

alfinitloH to examples of intimate ehnmteal mmUmUm, The t ./ A* .if netted in 
the solution of «p«d volume* of different hum I* in dtetiwet with 

of atahiltty and oolubitity «{ dtSnrwt gaaaa. »a him* id Urn fat 

am, ptmw) trclva the j’oUowtng awnher of (gram) mm «4 toet in 4« «,?»«»$ is* a 
large ram of water i earlwotii' anhytlrlda »,«*», eidptwana «nhy.tri t« t.?wi 
8,800, hydroohlorte add 17,400, and hydrWte mM l».«0Q. Ttm to. S.v 4 »»«.,*«< gwmt, 
whiob are net expelled from titeir Maintkm hy hniling, #m)w ni^wecimnietr I«i<« Ml 
muon boat a# gaau like atamofUa, which are raftamted from itoir »4»s»«.»*a t»* U4tlnfc 
whflat gaseB which ate only itl Jhtly soluble evolve very mmh lm* h M ? 

, U,ft noto^toua aonemmiug tbm imbjMt, mumh mmnU* „tMimA 

y Paul Bert are sited in Chapter tit., and we will h«r»* point «»t that t*r*4 sto ).*«•>#, 
la hi# re»eairho!i on the absorption of |iw# by Uquldt. very fully i»«»»tignm«( tiw 
phenomena of the solution of oarbemte anhydride In «»f #*!S», a»4 

trived at many traportaut mult#, which showod that, cm the mm h«4 4 1# tto wlotten 


ON WATER AND ITS COMPOUNDS 


87 


The solution of solids, whilst depending only in a Binall measure on, 
the pressure under which solution takes place (because solids and 
liquids are almost incompressible), is very clearly dependent on the 
temperature. In the great majority of cases the solubility of solids in 
water increases with the temperature ; and further, the rapidity of 
eolution increases also. The latter is determined by the rapidity of 
diffusion of the solution formed into tho remainder of the water. The 
solution of a solid in water, although it is as with gases, a physical 
passage into a liquid state, is determined, howevor, by its chemical 
'affinity for water ; this is clearly shown from the fact that in solution 
thcro occurs a diminution in volume, a ohange in the boiling point of 
water, a change in the tension of its vapour, in the freezing point, and 
in many similar properties. If solution wore a physical, and not a 
chemical, phenomenon, it would naturally be accompanied by an 
increase and nob by a diminution of volume, because generally in 
melting a solid increases in volume (its density diminishes). Contraction 
is tho usual phenomenon accompanying solution and takes place even 
in tho addition of solutions to water , 30 and in the solution, of liquids 
in water, “° just as happens in tho combination of substances w.hen 

of oarhonlo anhydride in notation* of Balts on wliloh it !b capable of acting chemically (for 
example, sodium oarbonate, borax, ordinary sodium phosphate), there i» not only an 
Increase of notability, but also a distinct deviation from the law of ltanry and Dalton j 
whilst, on tho other hand, that notations of sails which are not acted on .by oarhonlo 
anhydride (for example, tho chlorides, nitrates, and sulphates) absorb less of It, owing to 
tho 1 competition 1 of the salt already dissolved, and follow the law of Henry and Dalton, 
bub at the same time show undoubted signs of a chemical action between the salt, water) 
and carbonic anhydride. Sulphuric acid (whose co-efficient of absorption is 02 volti. per 
100), when diluted with water, absorbs less and less oarhonlo anhydride, until the hydrate 
HaBOj.HjO (oo-eff, of absorption then equals 00 vols.) is formed ; then on further 
addition of water tho solubility again rises until a solution of 100 p,o. of water Is 
obtained. 

80 Kramers made this observation in the following simple form : —He took a narrow, 
necked flask, with a mark on the narrow part (like that on a litre flask which is used for 
accurately measuring liquids), poured water into it, and then inserted a funnel, having a 
fino tube which reached to the bottom of the flask. Through this funnel ho carefully 
poured a Mutation of any salt, and (having removed the funnel) allowed tho liquid to 
attain a definite temperature (in a water bath) ; he thou filled tho flask up to the mark 
with water. In this manner two layers of liquid wore obtained, the heavy naline solution 
below and water above. The flask was then shaken in order to accelerate diffusion, and 
H won observed that the volume became 1mm if tho temperature remained constant* 
This con he proved by calculation, if tho specific gravity of the Solution* and water bq 
known. Thus at 15® one o.e. of a 20 p o. solution of common salt weighs TIWO gram, 
hence 100 grams occupy a volume of HtVOfi e.o. As the »p. gr. of water at lft“e^*00018, 
therefore 100 grams of water occupy a volume of 100 0H e.o. The sum of the volumes fa 
lH'HM o.o. After mixing, 200 grams of a 10 p.o. solution are obtained, Us (specific gravity 
is 1-0725 (at 15' and referred to water at its maximum density), hence tho 300 gram* 
will occupy a volume of 1H0-4H c.o. The contraction is eonsoquanUy equal to 0*88 m , 

Tho contractions produced In the cose of Urn eolution of sulphuric acid in water 
tore shown in the diagram Fig. 17 (page 77). Their maximum i$ ltl'l e,o. por 100 0 . 0 . of 
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evidently” no# irabitgnoe# are proflo<^e4. ,, The txmtmcfcimi whfeh tak» 
jpla.ce in solution in, however, very small, » foot which tfoptmtla on the 
small compressibility o I solids and liquids*, and on the im»i#tdfictmc* of 
the oomptmiing feme acting in eolation. 43 The change of volume which 
takes pl&ee In the eolation of aolida and liquid#, or tho aitomtion in 
specific gravity 48 correBpomling with it. tifqwmd* tm pmiliaritirw of the 
dissolving aubitaneoa, and of water, and, in tho majority of ows, Li not 
proportional id quantity of tho autmtanw diasolved, 44 allowing the 

tho eolation formed. A maximum contraction of 4 IS at cr» & ?« at IS and a SO *t »*, 
t«.1co» jdaou in Um mtluti.m of 40 i>»«ta t»y weight *4 u«ihydr**u# t*U«h«d nt &4 p*rte «f 
water. This) Own If, At 0*-’, 40 parte by wteght of abated t« tote-w fee u f*turt» 

■fey wolght of water, then tbo murt of titter apperata *4 tune* »dl U» 1 04 16, and aft*# 
mixing tiiotr total volume will tm IW. 

it This aubjuct will be coneidered later tn IhU w<wk, end w# «t»l! item »»# that 11*# 
eontraethm prwdueod a rtMt l xm el emu bi watte# («f eelide tw Uquubo t» vmry tumble 
te Ha amount, and that there ere, although w-ely, rwamtintt* *4 i» whwh 

ooatmotltm does not take plan#, t*r whee an uko**» ««f *«4n»»»» U j'<r>4o«*f 

** The aomprasalbilUy of solution* of common **H la t«s, #**:««r4»hg t*, llnwwi, |)m 
• that of water. At W the <mm|«n**»ion ei t water \m nullkm *«4i tmm -* ** *> 4* lor * 
pnuninre of one ateruMgdww# ; for a l» jee. *utete»t «4 mmumm wit u u W, «m 4 lor » 84 
g,e. solution W vote SimthyE dteermluateoia were emit* by Hewn (!•«»*# f*«r MiuruMI 
eolations of sal amt no nUo (SS val*,), alum (4A *«4* ?, u**«*#w«n waft \ t1 vote i. tool w4i«® 
sulphate at +1®, when tee' earn preate Witty of water - <1 j«r n».lh>»» totems*. Thte 
Invusttigalnr ah*) showed that eabetene#* which d,s»dve with a** *v»4»»te*«n *4 tamt ami 
With an lucntaao la volume (as, for teetatum, tmX are partieM y wvtwyrat**! fpm 

tludr eaturated eolttUtme by an Inoreas# nf jwmwnrw fite* wvimrimeoi »« j«irtknU»fy 
oonoluwive to the ease of aal aBUsouiac). whilst Um wdubtUlj »4 »ln« h d>*w4v« 

With an abeoriitloa of heat or dlmluution in volume turmUea, »Hio>ujh *«*t e5t.nhll| < 
with an, inorettae of prwmr*, Borhy «Wnd the aame pt wwwwiwe with oommon 
malt (1808). 

** The moat trustworthy date relating b» llw v«jriaU»u «4 Use «j*w*fW gravity al 
ealutlon# wlUi a dianp of Uieir «»nf»»itirt» a»4 tempetalww, wr« am! 

oubbmI In my work oiled la ffHHmte 10. Tim prwetta&l (ter a*n»«ot «<l * «nlwte»«e in 
eolutlon in determined by the aid of the *{n**>iSo $smviUm (4 **4nb>««»**. i»>Ut in »>*sfc» ewj 
fn laboratory pntelloe) and the th«wr«U»U |h*r gravity *an l«> *»<*» twvwretely 

observed titan other propertied, and Ucaue* a varietem in e|«Msine g»»»ay gttvwnte it® 
vartetitm of many other profwtte#) internal of »hi* #«bj#s«4, |«.s*W ih«, tie. i # «l«# and 
tewa to which it la liable, make mm wteh that thte p#wrt»« »-f stete *4 hIk<m 

may won be enrh hwl by further ebwmltei of m a n«i*w» •« YW» 

eollecUen dims ant peuwat m$ pwte dtfhrwU>, aftetmgh r « s »w»g unto »*>4 mm> 

ttoa, PUHSfttt la Leadsn and Tuurlwba tg Klwthoff *m« 4 te» »«fc*4 Rt*l IteeW 
who have pmxA prohlutn* of tele aaluw durteg nmmt y»ara 

44 Inasmuch M the degree of change uvhiteted to tttauy jwef<«wt*w» «s»» Um f*«rwMUnn s I 
Widtoi l* not large, so, owing to ten iwwfctoni aewonmy >4 t»te*Br*»U' ,*»*, a 
fdhy between this change and a change H f rwm^edtem m* f t i«» «i ftful r«*t!gH «| 
tion ftjad Wflhta Mrr^w linwli #f ©I U» im^4knmi 

bft»ea whore It doM not «m Mbt. 11m omtduitem 4 VteM amf »*«ft 1* 
betraoUvo In «hia reipeetj in mi t m Um hmm v 4 Utter mrud 

aapSOMd teat the t»erem.«t of tea speffte gravity «f wduttott* «« b* te# 
inoremtvnt of a wdt In a given volums of a mIbUm, whii h to t»ty test* U* 4 »u>mtimUum 
of epoome gravity which are exact to tea swtmd dtudmal I'd***- — m tnmfte$teMt 

“ tetenloal daleminatiowu temte ti-,t mmArm » 

Uonalityelthw In tela oaao or la many other# where a rate* h« i,«n g«w»U y 
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existence of a chemical force between the solvent and the substanco 
dissolved which is of the same nature as in all other forms of chemical 
reaction . 49 

The feeble development of the chemical affinities acting in solutions 
of solids becomes evident from those multifarious methods by which 

as, for exaraplo, for the rotatory powor (with respect to the piano of polarisation) of bqIu* 
tiona, and for their capillarity, <fcc. Novortholoim, Midi a method in not only still made 
use of, hut oven has its advantages when applied to solutions within a limited scope— as, 
for instanco, very wools solutions, and for a first acquaintance with the phenomena 
accompanying solution, and also as a means for facilitating the application of mathe- 
matical analysis to the investigation of the phenomenon of solution. Judging by tlio 
rosults obtained in my researches on the specific gravity of solutions, I think that in 
many oases it would ho nearer the truth to take the change of properties as proportional, 
not to the amount of a substance dissolved, hut to the product .of this quantity and tho 
amount of water in which it is dissolve^; the more so since many chemical relationn 
vary in proportion to the reacting masses, and a similar ratio has been established for 
many phenomena of attraction studied by mechanics. This product in easily arrived at 
when the quantity of vv liter in U\e solutions la bo compared in constant, as is shown la 
investigating tho fall of temperature in tho formation of ice (see footnote 4D, p. 01). 

45 All the cllfTovimt forms of chemical reaction may he said to take place in the process 
of solution. (1) Combinations between tho solvent and tho substance dissolved, which 
are more or loss stable (more or loss dissociated). This form of reaction in the most 
probable, and is that most often observed. (12) Reactions of substitution or of doubt® 
decomposition between tho molecules. Thun it may he supposed that in the luilulion of 
sal ammoniac, Nil., Cl, the action of water produces ammonia, Nil, IIO, ami hydrochloric 
aoid, HC1, which are dissolved in the water and simultaneously attract each other. As 
those solutionn and many other# do indeed exhibit uignsi, which are wmiotimc# indis- 
putable, of nlntilar double decomposition# (thu# solutions of sal-ammoniac yield a certain 
amount of ammonia), it In probable that this form of reaction is morn often met with 
than is generally thought. {$) Ilono turn n of isotnerism or replacement are also probably 
met with in solution, all the more a# here molecules of different kind# come into intimate 
contact, and it is very likely that the configuration of the atoms in the molecule# under 
these influences is somewhat different from what it was in its original and isolated 
eta to. One is (ed to this supposition especially from observation# made cm ituhiUomi of 
eubstanoes whioli rotate the plane of polarisation (and observations of thir kind are very 
ecrmitlvo with respect to the atomio structure of molecules), heeaune they show, for 

example (according to Schneider, IBHl), that strong solutions of malic acid rotate the 

plane of polarisation to the right, whilst 1U ammonium salt# in all degrees of eonceutra. 
lion rotate the plane of polarisation to the left. (4) Reactions of decomposition under 
tho influence# of solution are not only rational in themselves, but liavo in recent yearn 
boon recognised by Arrluoiitm, Ostwald, and other#, particularly on the basis of electro- 
lytic determination#. If a portion of the molecules of a solution occur in a condition of 
decomposition, the other portion may occur in a yet more complex state of combination, 
just as the velocity of the motion of different gsnooua molecule# may be far from being 
tbo same {tee Note 84, p, HI), 

It in, therefore, very probable that the reaction# taking place in solution vary both 
quantitatively and qualitatively with the ma*« of water in the solution, and the great 
'difficulty in arriving at a definite conclusion a# to the nature of the chemical rotations 
which take place in the procotw of solution will be understood, and if besides this 
dbo existence of a physical prone##, like the sibling between and interpenetration of 
-two homogeneous liquids, Ivo also recognised in solution, then tho complexity of tha 

E blcm a# to tho actual nature of solution#, which is now to the for®, appears fa ft# 
© light. However, the efforts which are now Wing applied k» the isolation of thi# 
Worn m sq numerous and of such varied aspect that they will afford future 
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ihexr wTutioru ore focompomi, •wheih&r they be »lerafc«l or not 6» 
hmt,ra$ (absorption of hmt), m ooolrog, m& by ititenutl form tolon* 
aqueous solutions in many ewm separate into their enrolment s or tlroir 
definite compounds with water. Tim water ecmuinw} in »*lutiont» is 
removed from them as vapour, or, by frr©*in#, in tiro form of t«\« bufe 
the tendon of the vapour of wtter** held in nolutioa » less than that of 
water in a free state, and the temperature «f th» ftnrmntitm nf m * from 
eolations is lower than 0® Further, both the tliminutimt of vajwur ten- 
sion and the lowering of the f rowing pint proceed, in dilute solution*, 
almost in proportion to the amount of a ttu balance dtasolvrd.** Thu#, if 


investigators a vital mM8 of material toward* the ewwtr*«#» of a roxaptul* theory 
of, solution, 

For my part, t am erf opinion that the sterf? *4 to* phyateal pfwfMrttoe *4 enintieea 
(end ©specially erf weak «m) whfch Row obtain*. enuttal giro %«y tn«4wM»y ««i c«m* 
plot© solution o I the probkw whatever (although H ilwaM *4rf mmk to both the 
.provlnees of phyaies and ehemi#tfy}, hut that. parol M with H, *bwwl4 h* tt»*t*rt*ls*w the 
Study of the influence of temperator#, amt rojewtally «rf taw tetnfwtatwr**, the wptrftaattatt 
to solutions of the mechanical theory at torn*, and the comparative etwrfjr «t the ©hentkaJ 
properties of solutioos. The beginning of all this la stnurff ewt*trft»h*4, twit il Is 
Impossible to ecmaidnr In so short set »posllk«ft of iteitry IkmjtmVkm *4torta of tMi 
kind which have turn made up to the pr< w»nt date, 

*•« II solutions aye regarded as feeing in a stole of dtowwtottmt (*«* fu»ste»to It, p All It 
■ would be expected that they would contain tree pMrfeeete* *4 water, wbw h tar*#* mm*4 the 
product# of the deoempositlmi of threw definite «wj»w*4» trtowe formatton i* the m»m 
<of eolation. In separating as lee or vapour, water teak*#, with a entntton, a fevtewga. 
ueoua eyatem (made up of sufeekwte** la dlftwwst pfeyateul state*! temitor, few laataww, 
■to the formation of a precipitate or votaltta iatestoa» hi tmnmm «f tomfete 
position. 


u If ths substenoe dissolved la tern v-dubta (Idea toll «r Mgsrfe m mtif M&ghtiy v«rf*. 

■ tile, then the whole of the tew awn trf the vapour gives erff to «tw* km tf« water, feat if a 
solution of a volatile suhttene#- for metatu®, sgwif # twlwtete tajwfel wrap** ate*. town 
only a portion of the prepare bakmp to the water, m4 tiw* wtetta fwm*wr« «Wv*i 
oopeieta of the sum of the praashm of the vapours *rf the water *»4 «l ike awtotae®* 
dissolved. The majority of meurobee bear m the grot riwa. wbiefe art'll to* ep4t*u «f 
presently, and the observations of D. P. KtmmtMS ( W *» \ refmr to Itw mmm4 mm , E» 
showed that In the mtse of two volaWto lojwf i*. towtwally wrfwbte m Mcfe attort. famiwf 
two layer# of saturated aolnthma (for weMpto, ether s«4 NatoWt p met*. Mh ««ila, 
tlona have an equal vapour tmmim (mi the «*m» to p»*4 Iho \mmkm «l te 4 h to to 
481 bub, of mewmsy at W»*8*). Vwttlter, ha h»wa4 that fcr whwh m® 

In all proportion#, tl»« tw&Mon Is hdher frMisr »rf sIiwM «*4 wwtefi m toast 

(solutions of' fmh n®*d) titan that which answefa to tta rwstttttNWir (fwwfwwttetiel 
w the oomposlUeu) from, the tewelon trf water to ih» towterf j 

u», ho tension, for example, of a ?0 fan. as-lute-w af tonttto «*44 1 * tows, m% *11 fawagwra- 
taros, than the tension trf water and trf mU Im tta mm I he twMfcne >4 a 

e® v mn la mw equal to the sn« trf too teaetena trf to« rftoantetog tofsurf^ m toerfrowlt 
wreaciy showed when jw 4totl^ti«he4 tola «««e imm tout to wtoteh % m%lmm «4 ttegsatohs 
men are insoluble in each oHmm, tvaperatesu Fmm Ifeto ft is mk tort that a mmimi 
B *®'wWon, whleh tltmintahaa the teitetos** ftepiy to ttoe 

solutions, bet^ro+h »• «^seted«tt toe eupp^Mwtrf lh» fawsKia ef eemptHMsdn In 


sen* 8 fcmotot i# usually by the 

MO jauta by weight elwaten ~ - * 
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per 100 grams of water there he in solution 1, 5, 10 grams of common, 
salt (NaCl), then at 100° the vttpoqr tension of tho solutions decrease*' 
by 4, 21, 43 mm. of the b&rometrio eqluron, against 700 mtn,, or the 
vapour tension of water, whilst the freezing points are -O’OB 0 , *» ‘i’Dl®, 
and — 6’10 3 respectively. The above figures are almost proportional 

pie eubBtanoa in a definite volume of tho solution-far Instance, in a litre-or by the 
imtioH of the number of molecules of water and of the substance dissolved. 

« The variation of tho vapour tension of solution# ha* been investigated by many. 
Tbo beat known ruanarnhea are llmsoof ’Wtlllncr in Germany (lHUttelMiO) and of Tamilian 
in Russia (IHH7). Tim rustitrohos on the temjmratumof the formation of ten from various 
eolutiomi are also very numerous; Blagdon (17iffl), RUdcirff (1881), and Ite Onppat (Wl) 
established the beginning, but tliia kind of Investigation takes its chief interest from lh« 
•work of Raoult, begun in 1883 on aqueous solutions, and afterwards continued for wJ«* 
tion# in various other eerily fresen liquids*- for Instance, benaette, (welts at 4*88*7, 
aootio aold, OalliO, (lfi'VS"), and other®. An ©specially important Interest In attached to 
these oryosooplo investigations of Raoult In Prana© on the depression of the frewting 
point, because he took solutions of many well-known carbon-oompoumla and discovered 
A simple relation between the moleeular weight of the substances and the temperature 
of crystallisation of the solvent, which enabled this kind of research to be applied to the 
liivestigation of the nature of substances. We shall meet with the application of thi# 
method later on (see aha Chapter VII.), and at present will only rite the deduction 
arrived at from tlrnso results. The solution of one-hundredth part at that moleeu a r 
gram weight which correspiiidn with the formula of a substance dissolved (for example, 
NaGi«8B*fl, C a H 0 Ow40, Ac.) in 100 paris of a solvent lowers the freezing point of ite 
•elution In water 0*1H8 U , ia bensmie 0'i8“, and la aoetie acid 0 00", or twice as much a» 
with water. And as In weak solution* tho depression or fall of f reeling point is propor- 
tional to the amount of the subnUaoe dissolved, it follows that tho fall of freening point 
for all other solutions may be calculated from this rule. 80, for instance, the weight 
which eorresponda with tho formula of acetone, C s H # 0 is 58 ; a solution containing SHft. 
6*33, and 13*88 grams of acetone per 100 grains of water forms ice (according to tho 
determinations of Beckmann) at 0 770^, 1*080*’, and 8*880°, and these figures show that 
with a solution containing 0*58 gram at acetone per 100 of water the fall of the tempera- 
turn of the formation of tee will bo 0188°, O’lWP, and 0*178*’. It must be remarked that 
tire law of proportionality between the fall of temperature of the formation of Ice, and 
the oompoBillan of a solution, is In general only approximate, and Is only applicable to 
weak solutions (Bickering and others). 

We will here remark that the theoretical interest, of this subject wan strengthened 
on tho discovery of the, connection existing between the fall of tension, Urn fall of th® 
temperature of tho formation of ice, of osmotic pressure (Van't Hoff, Note 18), and of tb# 
electrical conductivity of solutions, and wo will therefore supplement what we have 
already said on the subject by since short remarks on the method of cryoacopio invtrttt* 
gallons, although the details of the subject form the subject of mure aj*«. id works on 
physical chemistry (such as Oslwald's Lthrhuch der allgctnetncn Champ, 1801-1884, 
1 vote.) 

In order to determine tlm temperature a/ the fvrmatum of ire (at of rrystaUltettoB 
of other solvents), a solution of known strength is prepared and poured into a ayltedAst 
venue) surrounded by a second similar vessel, leaving a layer of air between tbs two, whteb, 
being a bail combustor, prevents any rapid change of temperature, The bulb ot A $«*stl*j 
live and corrected thermometer is immersed in the solution, and also a brut platinum 
who for stirring tho solution ; tho whole is then cooked (by imnttusiug fte tffaMfNM tlj 
A freesing mixture), and tho temperature at which tee begin# to mpacata td^rwad, Hj 
the temperature at first falls slightly lower, it nevertheUw hmmm w»rta«tt w4m» ft||| 
begins to form. By than allowing tho liquid to gat just warm, mi a gain 
tomporaturo at the formation of tee, an mtacidetormigAtioQ tnay b# arrived at* 
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to the amounts of salt in solution (1, 5, and 10 per 100 of water). 
Furthermore, it has boon shown by experiment that, the ratio of the 

batter to take a large' «>##* °f solution, and indue® th« tertimtem of the first erytstela by 
dropping a email lump of lea into the solution already partially over r.«>W. This only 
Imperceptibly changes the composition of the solution The nl»*f>rvattaN should l* nmda 
St the point ©1 tammtiem of only a vary email amount of cry»Uk. a* otherwism Urn 
composition of the eolation will become allowed from their iwjwwalion. Every pmnutltm 
mast be taken to prevent t]a« fteoess of moisture to the Interior i f lb«> apparatus, which 
might also alter the composition of the notation or pmportte*«*f th« solvent (for 
when using acetic acid). 

With respect to the depression of dilute eolations it U know»«~{l) Thai the ibpre radon 
Increases in almost direct proportion to the amount of the »uh»Uui« i*» solution {always 
per 300 parte of water), for example, for KOI when the solution Madam# 1 part ««f r;»U 
(ptir 100 parts of water) the depression »0*4S wh*«i the solution eontam® ti parte ,>i wall 
®iO'0O°, with 10 (tarts of salt - I'l" (2) The greater the molecular weight e«pre*««l by 
the formula (see Chapter VU,). and designated by M, the km, under other similar nmdb 
Worm, will b« the depression of, and therefore if Urn concentration «.f * solution ( the 
amount by weight ©f *ub#ta»oo dissolved per 100 part* of water) b«» designated by p, then 

Mj© fraction M ( - or the molecular depression for a given ©}*** of sttbaUntwa will \m a 

constant quantity ; for example, in the ease of methyl air«*bi4 in water 1? a, tor aretone 
about 18*0, fur sugar about 18 8. (8) X» general the mater ukr depression tor anbataw*## 
whose Holutiomi do not conduct on electric* current t# abont is» 8, white tor acid®, write, 
and sqeh like ttubsteneM wUtvtw* aatatimwt do conduct tdeelrtoUy, it te < times greater ; ter 
instance, for HQ, KI, MNOj, KUO, die-, about 88 (t »# nearly 2), tor b»«ra# about tut, and 
ao on where i varies in the same manner as it dm*# in the mm* «4 ih« *.*moliu pr»»»#urs» of 
solutions (Not© 10). ( 4 ) Different aolmtt# (water, acniie arid, benseiie, A«> ) have each 
their ©omsponding constants of moteettlar d»pn*#*l««» (which have a certain remote 
Connection with their molecular weight) ; ter example, ter ooetta arid the m»l«nriar 
depression is about 80 and not 10 (a* it is for water), ter b#n#««.» 40, tor methyl »b*4u4 
'about 17, ffce. (8) If the molecular weight 3d of a subeteore l*» unknown, U.ri, in Um 
case of nen-oonduetar* of electricity or ter a given group, it may \m found by determining 
the depression, d, for ft given emteenlralkm.p; for example, in U-,o raw* »«f pcn>»td» of 
hydrogen, wliioh is a non-etmdueUar of ateetrimty, the mebwwkr weight. M. w a# found to 
he nearly 84, be. equal to HjO* 

ShnUar results have ftlso been found for th« fall in the vapor l*i>#ten r»f a, 4 ti lions 
(Note 81), and for the rise of their bolting point* (h®tww lb*#® data may «5*,« *«r*e ter 
determining the molecular weight of a sub# terns# i» twtaltefl, tw k elmriiy iU«tiW4 in 
Chapter VII,, Note S7 b *‘). Anti a# these ©odeluateus are ohm apjdteabte in tbw caw «»t 
osmotic pressure (Note 18), anti a variation in lb# magnitude «f <. in pwMing from #*dtt> 
tions which do not conduct an elec trio current In those which d« eundwet *»wtri*-ity is 
everywhere remarked, so It was natural to hew wmk that casml mmnwtimi whi»h Art* 
fcenlu# (1888),, Ostwald, and others expected to find to the supprtwitoM that « («<nmn «d 
the substance of the steotwlyte b already de»«»j»i«d t« tfe# vary m-\ *.4 **4uti**ti a 
ftn lone ’(ter example, NaCl into Na and O), m into tbs abmis 4 tw» individual mtb 
•teuoos which make their appearance in elwtwlyda, and in this way to •splsiti tin* fact 
thftt i is greater for thow bodies which conduct au ekatrte mtrmi, We wdl »«* e.*n«o4er 
here this supposition, known an the hyjadltesb of ‘etetwdyite rfisaarutten/ w-t only 
hocivuse It wholly belongs to that special branch • pbyais »l ehwmWry, «»d giciea *<*rp#Jy 
May help towaids explaining the elumdral rBlatiomud etdulteaafparimuiarly tWr pSMrSagi* 
Into definite compound#, their motions, wad their wry tnetmikml, bat olw Umw ( I ) 
oil the above date (tor constant dftpnumkm, onumlte pnowturo, Ac.) only r*ter u* dilute 
BOluticms, and are not applfoshl* to strong so)«Uom; white! th# chemtad t»ter»»t *n 
strong solutions is not less than in dilate notations, and th# tasaiitkM fw»» th» fcwmwf 
Ihto the latter is consecutive and inevitable; (u) b emtee ta aU bwltmi 
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iJimiattttan of vapour tension to tho vapour teusfoa of water at different 
temperatures in a given, jolution is an almost constant quantity , 60 and 
that for every (dilute) solution t&e ratio- between the diminution of vapour 
tension and of the freezing point is also a tolerably constant quantity . 81 

(although it may b« inaolubte.and not on electrolyte) a portion of Urn atema may be i 
•uppowd (CkuaiUH) to he paining from one particle to another (Chapter X., Note W), 
and aa it were di##nclated, but there arena reason# for bftlioring Unit eunh a phtmumetma 
in proper to the solution* of electrolyte# only; (8) because no ewnmtlol mark of differences 
in observed between tiro solution of electrolyte* and naumcmduoWors, although it might Im 
expected them wcfuht 1m according to Arrhaulus’ hypothesis; (4) bopauee it is most 
reasonable to suppose the formation of new, more complex, but turntable and easily disso* 
elated compound# in the act of eolation, than a tteoampoalthm, mm\ partial, of the 
Bwhstauccm taken ; (8) beoauee if Arrhenius' hypothesis be accepted it bwomee mmmMry 
to admit the existence in solution# of free ions, like the atoms Cl or Na, without any 
apparent expenditure of the energy tmosaory for their disruption, and if in this wm» It 
can be explained why i then »8, it in not at all clear why solutions of MgHU 4 giro i m 1, 
although the solution does conduct on electric current ; (9) because in dilute solution#, 
the approximative proportionality between the depmeaion and concentration may b® 
rooogniwd, while admitting Urn formation of hydrate#, with a# much right a# in admitting 
the solution of anhydrous substances, and if the formation of hydrates ho recognised it 
is easier to admit that a portion of these hydrates is decomposed than to accept the 
breaking up into imni ; (?) because the best conduntem of electricity ere Solutions like lira 
sulphates in which it m necessary to recognise the formation of associated systems or 
hydrates; (M) bm-aunn the cause of electro-conductivity can be sooner looked fur in this 
affinity and this combination of the substance dissolved with Urn solvent, as in noon from 
the fact, that (I>. I’. Konavalnff) neither aniline nor aoetio acid alone conduct an electric 
current, a solution of aniline in water conducts it badly (ami here the affinity i» very 
#mall), while a solution of aniline In acetic acid form# a good elootrolyte, tn which, w;th»ut 
doubt, chemical forces are acting, bringing amlum, hkn ammonia, into combination with 
the iwwtiit acid ; which Is evident from the researches mode by Frol. Kottovaluff upoa 
mixtures (solution*) of aniline and other amines; and, lastly, (U) bsewawt I, tagnlbwr with 
many of the chemists of the present day, cannot regard the hypotheses of tdeutroljlto 
diftsotiaVinn in the form given Pi it up l» now by Arrhenius and Gslwnld, as answering 
to the sum total of the chemical data rcajs'< img solution* and diosooiaUon in general, 
Tima, although I consider it superfluous to discuss further toe uwduUon «f to* atar* 
theory of solutions, atlU I think that, it would b« most mwftd ter student* of chemtetry to 
cmtmtder all the data referring to this subject, which can h# found in the EtdtsArifl /il» 
jphysiktdtielu Gkemie, l«fm Will. 

M This fact, which was wdabliahed by Clay ImewHt, I'iermm.and v Baba, is mrilnaml 
by the latest observations, and enables us te express net <*ly the fall of toRoioa (jr-jr^ 

itself, but its rati,, to the tension of water It i* to b# rwBMtrfeed that to 111® 

absence of any chemical act inn, to# fall of pressure I# either vary email, M dw» not 
oxint at all (note «), ami is uni proportional to the quantity of to# MdHtoww added. A# 
a rule, the tension is then espial, according to the law of Pal ten, |# to# **wn of to# 
tensions of the substance* taken. It cure liquids which tm to toh ib to in MMto #Hwr (for 
example, water and eWorld# of earfeon) present a te Bfttem equal fc# the mm of to»*r Ml* 
vitlnal tensions, and therefore *tmh a mixture Write at a tower temperature ttatt the rm## 
volatile liipiid (Magnna, ItegtmnUh 

*' If, in the example of mmmnn imli, the fall of lexmto# be dividual by the tenafoin #f 
water, a figure fa obtained which in nearly Itti timea to# toft# to# #f th# tell 

of temipemture of formation of §w, This eemtodton was tte so tfttf o afly itelimedl fey ®#l§* 
berg, cm tlm hast* of the applitallw ®f to# tttefthafttoa l tlttocwy of toad, aad »B rape&tod by ■;-•'■ 
Otany investigated 
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The diminution of the vapour tension of solutions explains the rim 
in boiling point due to the solution, of solid non-volatile bodies ins 
water. The temperature of a vapour is tho same as that of th© sola* 
tion from which it is generated, and therefor© it follow# that th© 
aqueous vapour given off from a solution will be superheated, A 
saturated solution of common #ak boils at 10d"4°, a solution of 335 
parts of nitre in 100 parts of water at 115 9**, and a solution of 395 
parts of potassium chloride in 100 part# of water at 170'*, if th© 
temperature of ebullition be determined by immersing tho thermometer 
bulb in tho liquid itself. This is another proof of tho IkjwI whichi 
exists botwoon water and tho substance dissolvetl. And this bond iij 
seen still more clearly in those cases (for example, in the dilution ofj 
nitric or formic acid in water) where the solution boil# at a higher! 
temperature than either water or th© volatile substance diwnlved in it,, 
For this reason the solution® of certain for instance, hydriodiO) 

or hydrochloric aoid*~-boil above 1 00*. 

The separation of ioa from solutions aa explains both th© phtmtmto* 
non, well known to sailors, that th© ice formed from nalt water give* 
fresh water, and also the fact that by freezing, just m by evaporation, 
a solution is obtained which ia richer in salt# than before. This is 
taken advantage of in oold countries for obtaining a liquor from sea, 
water, which ia then evaporated for the extraction of salt. 

On the removal of part of the water from a solution (by ©va|»o ration 
or th© separation, of ice), a saturated solution should bo obtained, and 
then th© solid substance dissolved should separate out. Bulutiona satu- 
rated at a certain temperature should also separate out a corresponding 
portion of the substance dissolved if they be reduced, by entiling,' M to a 
temperature at which the water can no longer hold th© former quantity 
©f the substance in solution. If this sepimtlan, by oooIUir a saturate*! 

•* Frlteiohe (showed that eolations of certain ookmrtftg matter* jri*M M«wtl»«a U-# t 
which clearly proves th« paesap of water only lute a mAUl etete. wuimwt «.»»y teteroux# 
tow of!he substance tffwKilved, although the possibility «4 the odstixtarK te #ert*te am 

cases cannot be d«nSe& 

4 » A« the solubility of certain substance (for example, mmUm wlww *»lplutei>, »*»* 
othersy-decreases with & rise of temperature (between e*rtw*» llmite-e*, ter 
note at), so these eabstetmei do not separ&te trm thefr mtemtel m4uUu»« «*n t;«4f*qp 
hat on heating. Thai a eolation of mangMMe sulphate, aatumted at W, Iwnm >}«.;, 4y 
on farther heating, The point atwhteh a nbetaaee w^mkm tmm it* Mt4wUan with a 
Change of temperature gives an easy wwm of d*rt#mteteg tho khAN**! <f #4wteUiy» 
» nd thiB WttB tefcen advantage of by Ibof. AtexiMf for si,» wteteltty ,4 mmp 

eubstenoe*. The phenomenon and method of observation are her© s&wswlediy th# mtm 
asin tbo determination of the teuperatarwof f©ranUi«» of tee. If * mlrnm of » mW 
atanoe which separates oat on beating be Worn (for example, th* e«lpbat« of 
** then at a certain faff of temperature H will Marat# mi tnm it, w\ a* 

• certain rise of temperature tee salt will M^uwteost, Wtm this mt teon, 
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Botutinn or by evaporation, take place slowly, cryaUtU of the subitanm 
dissolved are in many owes formed ; and thin k th© method! by which 
crystals of soluble salts are usually obtained Certain solids very 
easily separate out from their solutions in perfectly formed crystals, 
which may attain very Urge dimensions, Huch are nickel sulphate, 
alum, sodium carbonate, chrome-alum, copper sulphate, potassium ferri* 
cyanide, and a whole series of other salts. The most remarkable eircutn* 
stancrf in tins in that many solids in separating out from an aqueous 
solution retain a portion of water, forming crystallised solid »u balance* 
which contain water. A portion of the water previously in the solution 
remains in the separated crystals. The water which ii thus retained 
is called the nmt*r of crydaMimtitm- Alum, copper sulphate, 0 law her *a 
salt, and magnesium sulphate contain such water, but neither sal- 
ammoniac, table salt, nitre, potassium chloral©, silver nitrate, nor 
sugar, contains any water of crystallisation. One and the name 
fiubutahce may separate out from a solution with or without water 
of crystallisation, according to the temperature at which the crystals are- 
formed. Thus common wilt in crystallising from its solution in water 
at the ordinary or at a higher temperature does not contain water of 
crystallisation. But if its separation from the solution takes place 
at a low temperature, namely below —6", then the crystals contain 
38 parts of water in 100 parts. Crystals of the same substance which 
separate out at different temperatures may contain different amount® 
of water of crystallisation. This proves to us that a solid dissolved in 
water may firm various compounds with it, differing in their properties 
and composition, and capable of appearing in a solid separate form like 
many ordinary definite compounds. This is indicated by the numerous 
properties and phenomena connected with solutions, .arid gives reason 
for thinking that there exist in solutions themselves such compounds of 
th® substance dissolved, and the solvent or compounds similar to them, 
only in a liquid partly decomposed form. Even the cakmr of mluti&m 
umy often confirm thin opinion. Copper sulphate forms crystals having 
a blue colour and containing water of crystallisation. If the water of 
Crystallisation be removed by heating the crystals to mlncm, a colour- 
bum anhydrous suWanu© is obtained (a white powder). From this it 
may be seen that the blue colour belongs to th® compound of the copper* 
salt with water. BolutimiH of copper sulphate are all blue, and con- 
sequently they contain a compound similar to the compound formed by 

general rerumWiitimui, it it» e}i-ar that th* Mipamtimj e( a stttefcSM# dtadhml from f 
ttfilttUnt) nhonltt jiwftwet a mt»m Hudagy te the wsp&rabea of im tmm a I®| 

Mh vnm, a eystm of a eoW w»4 a UqaW m tautd frttm a 

Qiquid) Bjalctu. 
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the salt with its wator of crystallisation. Crystals of Cobalt eWorld© 
when dissolved in an anhydrous liquid— like alcohol, for instance-- give 
a blue solution, but when they arc dissolved in water a ml solution is 
obtained. Crystals from the aqueous solution, according to Professor 
Potilitzin, contain six times as much water (CoUl a ,0H a u) for a given 
weight of tho salt, as those violet crystals (CoC'l ai H a U) which arc 
formed by tho evaporation of an alcoholic solution. 

That-solutions contain particular compounds with water is further 
shown by the phenomena of supersaturated solutions, of *m called cryo* 
hydrates, of solutions of curtain acids having constant boiling points, 
and tho properties of compounds containing water of crystallisation 
whose data it is indispensable to keep in view in tho eoumloratum of 
solutions. 

Supersaturated solutions exhibit the following phenomena On 
the refrigeration of a saturated solution of certain salt#,® 4 if tlm liquid 
be brought under certain conditions, tho axcest of tho Rt»lid may 
sometimes remain in solution and not separate out. A great number 
of substances, and more ©specially sodium sulphate, Na,H0 4> «r 
Glauber's salt, easily form supersaturated solution#. If boiling water 
be saturated with this salt, and the solution be poured oiF from any 
remaining undissolved salt, and, the boiling being still continued, the 
vessel holding the solution be well elated by cotton wmd, nr by fusing 
up the vessel, or by covering the solution with a layer of oil, then it 
will be found that this saturated solution does not separate out any 
Glauber’s salt whatever on cooling down to tho ordinary or even to a 
much lower temperature ; although without the above precaution* n 
salt separates out on cooling, in tho form of crystal#, which contain 
NaaSO^lOHjO— that is, 180 parts of water for H'J parts of anhydrous 
salt. The supersaturated solution may bo moved about or ahakon 
inside the vowel holding It, and no crystallisation will t«ko place ; tho 
salt remains in the solution in m largo an amount m at a higher remora* 
ture, If the vessel holding th# supersaturated solution b« opened and 
a crystal of Glauber’s salt be thrown In, crystallisation suddenly take* 
place, 6 * A considerable rise in temperature is noticed during thin 


44 Show *»&■***& oat with water «r g»*» •»«,) 

erystsUohydratte term eapateatuteted eolatems will* Ikegm** tmilm it.* <4,*. 
nom«u»n li much mm common then wwt pnwamdy Ttea Rnt 4*U w« r » 

given in the last tentary by Wtte, l B it. Prtm^ar*. Wummm* wwaU |mv« 
proved that supemtumted wlutfcms ttewA differ from tidimn ml hUwh in M « *4 tWir 

brio^ about the oryitaUlsatloa of a ooper- saturated eolation of aadam. s aiyA p..^ g a m 



ON WATER AND IT8 COMPOUNDS 


97 


rapid separation of crystal®, which is due to the fact that the wit, 
previously in a liquid state, pass®® hate a solid state. This bears some re* 
wrablanco to the fact that water may be cooled below 0 s (even to — 10®) 
if it« bo left at rest, under, certain circumstance**, and evolves heat in 
suddenly crystallising. Although from this point of view there is a 
resemblance, yet in reality the phenomenon of supersaturated solution* 
is much more complicated. Thus, on cooling, a saturated solution of 
Glauber's salt deposit® crystals containing Na a B0 4 ,7H a O, Mi or 120 parte 

v»>Mw'l, but it has no affect nn aatureted solution# of certain other twite *, for example, lead 
acetate. According to the observations of D« Ik»istett4ra», demos, and other#, leomor* 
plum# ttot# (analogous iu eompoalttea) are capable #4 (aduei&g <ay»t«Uis^tea, Thus, » 
supersaturated solution of nickel sulphate orjnttUltM by ©rnkwrt with crystals of sol* 
pbates of other metals analogous to it, »U«b aa those of magnesium, cobalt, copper, and 
manganese. The orystalliaatlon of a supersaturated solution, mil op by tee contact of 
a minute crystal, starts torn it la rays with a definite velocity, and it la evident that 
the crystal# m they form propagate tire oryitatliaatlon In definite direction#. Thi# 
phenomenon well a the evolution of organisms from feme, An attraction of similar 
molecule# ensues, and they dispose themnalvw la definite similar forms, 

M At the present time ft view is very generally accepted, white regard# ntpercaturated 
solutions m homogeneous system#, white pass into heterogeneous system# (oompoted of 
a liquid eml a solid substance), in all respect# exactly resembling the peseage of water 
cooled below its freesiug point into See and water, or the passage of erystals of rhcmabl# 
sulphur Ink* mouoelinlo crystals, anti A the monoolinie crystals into rhombic. Although 
many phenomena of euperaatoratioH are thus clearly understood, yet tee spontaneous for- 
mation of the unstable hepta hydrated salt (with 711,0), in the plan# of the more stable 
deeahyil rated salt (with mol. lOHgO), indicates a property of a eaturated solution of 
nodium sulplmte white obliges one to admit that it has a different structure from an 
ordinary solution. Htoherbateeff assert#, on the basis of his researches, that a solution 
of the deea-hydmted salt gives, on evaporation, without the aid of beat, the deoa-hydrated 
malt, whilst after heating above 88 ! * it form# a supersaturated solution and the hepta* 
hydrated salt. But in order that this view should be accepted, some facta must bo dla* 
covered distinguishing solutions (white are, according to this view, isomeric) containing 
the hepta-hydratwl salt from those containing the d era. hydrated salt, and all effort# la this 
direction (the study of the properties of the solutions) have given negative malts. A» 
some crystal lohytlmtes of salts (alums, sugar of load, calcium chloride) malt straightway 
(without separating out anything), whilst others (like Na^SO^lOHaOj are broken up, 
than it may be that the latter art only in a state of equilibrium at a higher temi«*mture 
than their melting point, It may here be observed that in melting crystals of the tWtv- 
hydrated mill, there is formed, besides the solid nnhydnius writ, a saturated solution 
giving the hepta hydrated salt, so that this passage from the dec a to the heptft-hydrnted 
oalt, and the reverse, takes place with the formation of the anhydrous (or, it may be, 
mono-hydrated) salt. 

Moreover, wnperaaturaUim (PollliUln, X«M>) only takes place with those substances 
white are capable of giving several modifications or several c ry»t all* di yd rates, ».«. super* 
saturated solution# separate out, beside# the stable normal crystellohydmt** 
containing lass water and also the anhydrous salt. This degree. of aatumtto’ 
the substance dissolved in a like manner to Heat. Sulphate of nickel * 
ltV* to SO' 1 eaparates out rhombic crystals with ?HaO, at W® to 40* r 
at m u to 7« ‘ mwtocUnie rryutahi, also containing fiil a 0. 
composition asperate out from supersaturated solutions at one t 
but at different degrees of saturation. a« was ehown by Dcm 
capacity to voluntarily separate out slightly hydrated or atej 
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the salt with its water of crystallisation. Crystals of cobalt eWorld© 
•when dissolved in an anhydrous liquid-— like alcohol, for instance-give 
a blue solution, but when they aro dissolved in water a red solution is 
obtained. Crystals from the aqueous solution, according to Professor 
Potilitzin, contain six times os much water (CoCl 3l 6H 3 U) for a given 
weight of the salt, as those violet crystal* (CoCl„H|0) which are 
formed by the evaporation of an alcoholic solution, 

Thafc.solutiorts ooatain particular compounds with water la further 
shown by the phenomena of supersaturated solution®, of so-callod cryo* 
hydrates, of solutions of certain acids having constant boiling points, 
and the properties of compounds containing water of crystallisation 
whose data it is indispensable to keep in view in the consideration of 


solutions. 

Supersaturated solutions exhibit the following phenomena :~On 
the refrigeration of a saturated solution of certain suite/ 4 if the liquid 
be brought under certain condition#, the tween of the solid may 
sometimes remain in solution and not separate out, A great number 
of substances, and more ©specially sodium sulphate, N»f80 4 , or 
Glauber's salt, easily form supersaturated eolations, If boiling water 
be saturated with this salt, and the solution 1*® poured off from any 
remaining undlsaolved salt, and, the boiling being atilt continued, th© 
vessel holding the solution he well eluded by cotton wool, nr by fusing 
up the vessel, or by covering the solution with a layer of nil, then it 
will be found that this saturated solution dues not separate nut any 
Glauber’s salt whatever on cooling down to th# ordinary or even to a 
much lower temperature ; although without the above precaution# a 
salt separates out on cooling, in the form of crystals, which contain 
Na 4 SO 4 10H a O~~ that is, 180 part® of water for 148 part* of anhydrous 
salt. The supersaturated solution may ha moved about or shaken 
inside the vessel holding it, and no crystallisation wilt tak® platm ; the 
salt remains in the solution in an largo an amount m at a higher tempera* 
ture, If the vessel holding the aupsmturaiod »«Sutl«n bn opened mni 
a orystal ot Glauber’s salt be thrown in, uryntelHsattaa suddenly takes 
plaoe.” A considerable rise in temperature fo tmtl«d during this 
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Mmeocm U much mere c om m o n than was ptwrk*Miy ImcImnL Tim i«l 4m. w«f» 
given In tba lost MUteiy by Loswttas la it. Itotenhurf. Kwiwwm too* 

proved that iropoimtorated tdtttio&i d*»b«ri dUfer hm erAtastf »si«l§s»» t* «**• *4 (Mr 
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<gg vmcmm of cstMisTwr 

Of water per 142 parts of anhydrous salt, and not 180 parti 0 ! water, 
es in the above-mentioned salt. Tho crystal* containing 7H,0 am 
distinguished for their instability ; if they stand in contact not only* 
with crystals of Na s 80 o l0H a O, hut with mmy other they 

immediately become opaque, forming a mixture of anhydrous and ticca- 
hydrated salts. It is evident that Wtween water and a sulubto sub- 
stance there may be Established different kinds of greater or \«m stable 
Equilibrium, of which solutions form a particular 


tluoUtm of r crystal into tlrn solution i« tminmm 0* »M «tt|w**tur*ted artuttens It a 
tiult forum r impmmturatrd then i-n® w*»»d.l ar^tAtevg l«, ihi* rw, that, 

it, shmild exist in U e form of several hydrate* or tn *»ror»l Tkm 

PotiliUin concluded that chlorate *>f #*rwlww, which **»*ly *»»•»* *up**»*tiw*ted *4*. 
tionn, should bn rr)>rUr of forming several hydrate*. te»td«** »K» anhyte u* »*H known } 
(vrul Vie succeeded in discovering the existence of two hydrate*. and 

apparently Br(CIO,) B#*We* thk tbw mndittestn** «4 the r««*<n «»hy4rmw 
B( Jt were obtained, differing from each other in thru rr?«telim» fw«. **»» nmdlSentem 
separated out in the form of rhombm nctehedr*. another tn eMi^w plate.*. and a AM 
in long brittle prisms er plate*. Further Twenfebes *h**w*4 that *®lte whtefc nr* wl 
capable of forming supersaturated e«*h a* the toteanto* «4 r*h mm, «t« nullum, 

and Imrium, i»art with their water *4 hydration with Attests fA*r m«utli** with 
IHjO), Mill decompose very slowly i« a vwmiun in dry a*r. in other »«rd* At* 
tension of dissociation is wry small in Al* else* of hydrate*. Aa ih* hydrates aimtm* 
twriMfl by r email disaoeiaUnn tension am twaysM# »4 giving *wp»r*at»««<M wdr rtte na, 
ao oonviwaly sropmaturated solutions five hydrates *b«*e &>»•*»*» *4 ►fa*w*lati>« fat 
groat (PoUlltein, 1H9S). 

47 H mulsiom , like milk, am competed of a *4 gluUmm* *w etmtla* •»K*Unn**, 

or of oily liquids suspended in a Itqntd In the term *4 dreja, whnh are r-Wrly v«M# 
under a mierwsoope, and form an e«amj4* of a MHkutt«4 fwrmaAm »*fa**h feoetnMs* 
solution. But the difference from suieMsttt U ten* evident. Tfa«»» *e»« b»*»e*or, 
solutions which approach very near l« mmlwm tn A» (aridity w*A whwfa the •wWlUMMXt 
dissolved separates from them. Il has long teen km***, f«» • sample, that a parttewhur 
kind of Prussian blue, KFe^ON}* dissolve* In pure water, fe»t* m IH» a44iU*wt *•{ lim 
amalleel quantity of either of a number t*f talU, H mpiUliM »»4 tn- 

soluble. If copper sulphide (Cutii, tadmium »«lpht4» {t‘4Hf, »wr»*mi« anlpkfate f A%Mj} 
(tlui experiments with these subtrtanees pnw#e4 with g»#4 snum*. *.»*4 Ite a»d«U«*t ob- 
tained is comparatively stable), ami many other melalh* twilpfa^te*, fee f*f % 

method of double deceraposiUon {by preeipitating sal fat wf thiw» navtaU t»jr hf4r»«fen 
sulphide), and be then eatwfnlly washed |by alWwitqt *fe« l»» settle, pmerttqf »t 

the liquid, and again adding Riilpbnrettrd wsfai), ifaurn, m «**» slaswn by 

Sohuke, Bptitig, Pmat, and ofban, the ptwetouafy iMshdih |s*»» into (nme 

parent (for menntry, i«td, and silvw, f«ddtib hwwn | far mapper *«4 ttaa, d»»?«s»i«h 
brown i for cadmium and indium, yellow ; and tea? fitw*, »b»4»Ws) MlNti-ms, wfatefa may 
be preserved (the weaker Any we the bssjpf they b#s§4 ^#4 stm Witsd, fast wfet*\ 
ncrvorthcleim, in time eoaguJalt-dlmt is, aapamte faj 

M tAMtnMn fm, and tfa« swwmn 

•times beonme erystallme and quite fno a p e bte «f m diMsdriigy. tlmfavi w and mtimr# 
observed the power shown by mllmds (»« mite 1§) *4 fanning wNsaflttf kgiirmaU »r #*4»= 
tlom of gelatlnom ootUMa, and, in describing atemiim «hm 4 site*, ■« 
occasion to speak of such solnttens. 

®tateef our knowledge ewwwnlfl^ MtaHesty eneti wdwtirwi* m«y bn 
looked on as a transition between otinvtaon »d. ot&mif B ^atfww , best am tmm fa& m toA 
ju gmenb can be formed about Aem nntil a study has been state #4 tfe#- t» 

or nary solutions (the solutions of even solnble ggOeMs tmm m #oste§. 
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Solutions of salts on refrigeration below 0° deposit ice or crystals 
(which then frequently contain water of crystallisation) of the salt 
dissolved, and on reaching a certain degree of concentration they 
«olidify in their entire mane. These solidified masses are termed cryo- 
Jiytlruifa. My researches cm solutions of common salt (18G8) showed 
that Us mdution solidifies when it reaches a composition NaCl + lOH^O 
(180 parts of water per bH-fi parts of salt), which takes place at 
about — U3 M The mtlidilicd solution melts at tho same temperature, 
and Imlh the juirtiim melted and the remainder preserve the above 
completion, (luthrie (1874'-1870) obtained the cryohydrates of many 
«altM, and he showed that certain, of them are formed like tho above at 
comparatively low temperatures, whilst others (for instance, corrosive 
tublitnaU), alums, potassium chlorate, and various colloids) are formed 
on a alight cooling, to — 2 ® or even before. f,R . In tho case of common salt, 
the cry ohyd rate with 10 molecules of water, and in tho case of sodium 
nitrate, the eryohydrato m with 7 molecules of water (i.c. 126 parts 
of water per Hfl of salt) should be accepted as established substances, 
capable of pawing from a solid to a liquid state and conversely; and 
therefore it may be thought that in cryohydrates we have solutions 
which are nut only uudocomposablo by cold, but also have a definite 
composition which would present a fresh cose of dofinite equilibrium 
between the advent and the aubataneo dissolved. 

The formation of definite but unstable compounds in tho process of 


below <**\ owl, arnmUng to fluthrie, do not form eryohydvatoti), and to supersaturated 
fedutkrm*, with which they have certain point* in common. 

M Ofjfpr (iwwj concludes, from his restMurehes on oryohydratos, that they are simple 
mixtttfM of Iw and salt*, having a mmnUunfc melting point, just as there are alloys having 
H paint, ut fusion, and solutions of liquids with a constant boiling point (see note 

|gq, q*hl» do*« not, h«w«m«r, explain in what form a salt is contained, for instance, in, the 
myehyArabi Natl >r 1011*0. At temperature# above - 10° oommon salt separates out in 
wysttehs, mtl at temperatures near - 10°, in combination with water of 
<m«telli--t*tfon t NnGI + 811*0, and, tlmrefore, it is very improbable that at still lower 
ternrmmtefM it would separate without water. If tho possibility oP tho solidified oryo- 
hydrate containing NaC'l t UU^O Mid left be admitted, then it is not cloar why one of 
UtWH, MitnliuirM il.K-w not writ Iniforn Urn other. If alcohol does not extract water from 
the said leaving the nail behind, this does not prove the prosonco of ice, because 
jUsi, ukes up water from tho crystals of many hydrated subetancos (for instance, 
fmm NuCl t 9HA at nW.ut their melting-point*. besidos which, a simple observation 

m the mnhydrate, N*C4 + i«tC A «h«*« U»al with Ul ° moBt CMoIul c ?° e 1 lt 1 d ° os ” ot 
m th« addition of ice deposit Jew, which would ooour if ioo were formed on solidification 

I may add with regard to cryohydrates that many of tho solutions of acids solidify 
smqdetely «« prolonged cooling (far’ example, H.jBOAA, o»a ttjen Peering 
(definite ewnpmmdst, b’or the swluUone of eulpliurlo acid (see Chapter XX.) 

ZZmJ, 2 a hydrate, K S B0 4 4H S O at -a#". Hydrochloric, nitric, and other 

«dd« (dm. give similar crystalline hydrates, molting at low temperatures and presenting 
many similarities with the oyohydrateu. 
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solution beooouMi evident fd&m the phenomena of a marked decrease of 
vapour tension, or from the rise. of the temperature of ebullition which 
occurs in the solution of certain volatile liquids and gases in water. 
As an example, we will take hydrimlic acid, HI, n gas which liquefies, 
giving a liquid which boils at - 20*\ A solution of it containing 57 
p,o. of hydriodio acid is distinguished by the feet that if it lm heated 
the hydriodio acid volatilise*! together with the water in the same pro- 
portions as they occur iu the solution, therefore such a solution may bo 
distilled unchanged. The solution boils at a higher tem{*or»turo than 
water, at 127 w . A portion of the physical properties of tin* gas and 
water have in this case already disappeared-"-* new nulwtanro i» formed, 
Which has its definite boiling jaunt. To put it mow rorrwtly, this k 
not the temperature of ebullition, but the temperature at which the 
compound formed decomposes, forming the v«j«»urs of the products of 
dlssooiatlon, which, on eeoling, re-combine. Htmuld a lma amount rtf 
hydriodio aoicl ha dissolved in water than the aUive, then, on heating 
such ft solution, water only at first distils over, until the tmluilott 
attains the above-mentioned composition ; it will then distil over 
unaltered. If more hydriodio acid bo passed into such a solution a 
fresh quantity of the gas will dissolve, but it j<#a»e# t»(T with groat 
ease, like air from water. It must not, however, !«* thought that those 
forcer which determine the formation of ordinary gaseous solution* 
play no part whatever in the formation of a solution having a definite 
boiHng point ; that they do react is shown from th« fact that such con- 
stant gaseous solutions vary Sn their com position under different 
pressures. 60 It is not, therefore, at every, but only at the ordinary, 

80 For till# reason (tbs want el snura mA»o *4 te» e*»«»p«*iu.<n <4 *«&•!*»«& Ml- 
fng solution# with * rhsngtt of pro**tir«), tb# etfaftattee «4 4*a*uw hy4f*i*« f. »ish> 4 hy 
volatile #ulistanee*~far instanc#, by by*lr<w>bWl«> a*»kt *s* 4 water I* ff*»j«t®t*l!y 4®#te4. 
It is generally nrfjuwl an follows : If item* iM mM n miUo,; *4 *•«> s»|(,-s,. s «.<>„, teen ,% 
would bo unaltered by % chang« of |v»**utv. Rat te» 4tet4Un»a *4 i t«>«|>ny 

hydrates 1# undoubtedly oooom pouted by lb* 4»te?«nm«>4 bf 

Blasau), like tbs distillation *4 ad ammeoi**, sulphtirta *#i4« tt * , by • r->nt|4»i* *W«*w» 
position of the original eowpotm4^tkot KOMatMtewiw* 4*» *t»t »»».s in a ,4 

vapour, but their products of dsotmrposlUoR (hy4rt*4iWto *et4 mhI »«Ut j **■» %% 

tbs tswpwato** of wkteisatem, white diesolw to ten vt4*tilte»4 m» 4 e-m-teamt H«4s i 
but tbs solubility of pass In liquids depends m ten and, (h»*o? i<j«, te» , «»• 

position of constant telling solutions may, a»4 own «wgbt t», v«»y Wi\h «, *>!•*»**• cat 
prossure, and, furtbsr, the swatter ten p r e s su re and ten towny ten i«#*ywfs»!Mr» *4 vola- 
tilisation, the mors liksly is a trusot*ns{wtmd to te obtained. Aaanrdiwg t® te« m-mmtvkrn 
of Rosoos and Dlttmar (18#9), Uts eouaUst boiling tmlmm «4 bytenteWte w> *4 pr«,*»4 
to contain 18 p.o. of hydrochloric add at a pmmu* of i at»«»f4«r*a, so ft# ftt 1 i&iWN 

its composition bsoams constant (fTtate# tWw A n Jm* ***,,*, ,* ,4 bydm- 
•hlorio add to pass away with tea ate), tem add wm «b M «smbae>t>« ntenit 
80 p.o, at 100 s , about 88 p.o, at ISO**, and about 91 p*. *mv». 9tmm tent ft la mm teat 
,by deoroaslng tbs prsmuro and lowsriug ten tospmtem of am arrlv#* 
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«tfcmo§ph®rie procure that a constant boiling solution of hydriodi® Actd 
will contain 57 pc, of thu gas. At another prewure the proportion of 
water and liytlriwlio acid will be different. It varies, however, judging 
from observations road® by Itoaicoe, very little for considerabln variations 
of pressure, This variation in compositum directly indicate* that 
prwmuYo tixert* an Influence on tho formation of unstable chemical 

compnuula which nro easily dimmeiated (with formation of a gnus), just 

as it influences the solution of gase*, only the latter ia influenced to a 

more eomudcrabl® deg re® than tho former.* 1 Hydrochloric, nitric, and 
other acids form volution* having d^nit« boiling point*, like that of 
hydrimliu acid, They »how further the common property, if containing 
but a small proportion of water, that they fntm in air. Strong ?,olu* 
timiH of nitric, hydrochloric, hydriodlc, and other gaaea are even termed 

At Urn (tame limit, whew tho enrapoaitiem tth.mil d bo taken as ItCt + fill ^O, which rvauira 
MM |i.c. of hydrochloric arid, Fuming hydrochloric add contains more than thin, 

Xu th e cmo al toady considered, tot in the cm# of formic acid to the research** of 
I). V, Konnvalnf! (note 47), the constant boiling solution e<»m»»pt«nds with a mitumiua 
tension that jb, with a boiling l h, ii*t higher than that of ritlwr of tho c<wn|xmi*nl 
•ftlsmonta, Hut llii'in i# another t aao of constant boiling solutions similar to the caw* of 
tint solution < f propyl alcohol, C A ll,0, when a Solution, itmWomporcd l,y dotUllati«n» 
Tunis at a lower jtoinfc than that of the volatile liquid. llow«>v» r, in thin caw* akq, 

4f th«*m he* solution, the possibility <<f On* formation of a definite i'<«»nj*.inn>l »» tin* forra 
‘Cjll#0 t 11,0 ramml )«* tb'Utwl, ami the tension of the solution in tod. equal to the cam 
•of tensions of the components, Tlwrc arc j«*#»iblo eases of constant boiling mixture* 
•even when there is m* solution nor any loss of tension, an«l ron&mpmnUy im chemical 
ftolhm, sine# tin* amount of liquids that arc volatilised Is determined by the product of 
tint vapour itensitm* into Uwir vapour tension* (Wanklyn), In rtmiHH|H«moe of which 
liquids wln.w» hulling print la abnvo 1(H>’ for instanca, turpentine ami ethereal oil# la 
.general when distilled with aqueous vapour, pass over at a temperature below IWft, 
Consequently, *t im not in the constancy of composition ami boiling point (temperature of 
AtH'omjmftUmri) that evidence of a distinct chemical action is to be found In the ahoy#* 
•described solution# of add#, hut in the great Ins* of tension, which completely rtmemhlo* 
tlm lose of ten »l«m observed, for instance, In Urn parteoUf-ddlnite em»W#aMo«# of sub* 
stance* with water of wysteUlsatten (m later, note 68), lalphurto arid, H«K0,, m m 
shall learn later, la also decomposed by distillation, like HCl + ftlfyO, and rxhibite, more* 
•over, all the algim of a definite chemical compound, The study ef th« variation of the 
a}#*, tile gravities of solutions as dejieiident on their composition (#r# note 10} fehsws that 
phenomena of a similar hind, although of different dimension#, take place In the form a. 
Ibm of l»4h 11,110, from 11,0 and HO s , and of JICl + Oll a O (or of tuiucous Bolution# 
Analogous t*i it) foim U<-1 ami 11 , 0 . 

BI The eseemn of the matter may Ih» thus rcprcwfited, A ^aneous or easily volatile, 
•ubstenre A forms with acerbun unautity of water, «H a 0, a definite complex compound 
A»ll 3 0, whieh is ateblc up to a temperature <” higlmr than _ 100°. At this temrwnttHre 
it is dei'omjetsed into two substane*,#, A V 11,0. Xloth boll below t iJ at the ordinary 
jpriwswrc, amlTliercforc si # w they distil over and re-combine in the receiver. But if ft 
part of the substenoe 4nlf*0 is decomposed or volatiliwxl, a iwrtion of Urn mulceompoaed 
tlrjnid still remains in the vessel, which can partially diiwtdve one of the product# of 
doriwniKwition, *aml that in quantity varying with tho pressure and temporaluro, and 
^barcforc the solution at a constant boiling point wiU have a slightly different eompoftb 
tiouat dittercnt presapm. 
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'« ftttaing adds/ The faming liquid eoutafn a definite mmfamd wfmr 
temperature of ebullition (dae^poeiikm) it higher item 100 # , and eon* 
tein also an «xom of the volatile eubeteaqn d«olv#d, which exhibit* m 
capacity to combine with water anti form a hydrate, w htm vuj«mr 
temion is lift than that of aqueous vapour. On evaporating in air, 
thla dissolved lubstanc# meets the atmcwpberie tmitotwm and form* a 
visible vapour (fumes) with it, which oonsiata of tee abuve nnmikmed 
compound, The attraction or affinity which binds, for kr»fo»i«% 
hydriodio add with water is evinced not only in the evolution of haa% 
and tee diminution of vapour tension (rise **f boiling point ), but ate 
in many purely chemical relation*. Thus hydriodio acid t* produced 
from iodine and hydrogen sulphide in tee presence of water, but unlate 
water i# present this reaction dtw» not tab* place , m 

Many compounds containing water of crystallisation are solid sub* 
tbanoee (when melted they are already solution* —f * liquids) ; further* 
more, they are capable of bring formed from solutions, like tee or 
aqueous, vapour, limy may be railed tiyttoUa kfdmtm. I ns smote ai 
the direct presence of lee or aqueous vapour cannot tm admitted la 
solutions (for these are liquids), although the pmeenre of water may 
he, ro alsso there is no beak lor acknowledging the in solution* 

of cryttkllo hydrates, although they are obtained from solutions ae 
tute. ftl It it evident that such *»ul<*UiHra prment one of the many 
forme of equilibrium bet. ween water and a auhatanew dimdvrd In it. 
This form, however, remind* one, in all reaper* a, of solution* that 1% 
aqueous compound* white are more or tea* easily dmmipwwd, with 
separation of water and the formation of a tens a*|tt«wo# or an anhydrous 
compound. In fact, there are not a few crystal* containing water 
which lose a part of their water at the ordinary tempera turn. Of such 
a kind, for instance, are the crystals of end*, or and i am carbonate, 
white, when separated from an aqueous ®»lutien *t the ordinary 
temperature, art quite transparent j but when left aapowxt t*.» err, low 


* «* For wMetts «t teMdeits %M to water t km> MTV sUfl gfmmUt •IlSefsfM'M la 
tsssttos* Vue rastaae*, stoM^t sMm dneinnipms imiiamse *t4|^s4» itaftMi** brutes* 

Mfttpjgwld*, H 4 HJ, sad ftwtfpitete cmmm mdt ton# n* «*«*b 

dk setae! few, 

« 8up*rmtomt«d gto* an emM p** fa, TV*. • 

^cop^rau p^Wte Kflft^dty Mltom to fmu hptrnw* m *uK ctoao, . M,,* K se 4 
tte wtosM sduiiw *ste WfutaJ* st * t» btm #.l mm •h* sl« mnmu^ 

dJ W# ^ !*'.** We M 9t *> *»«"*** te tte «t**r*«u»». «4 U«^ *. |k*» 

*“» •*». w M). r*«», » »M A 

** whtate, tten rr f *1*1# «4 »>»*«* by 4»te4 •*, 

2fw iSSSf** U ^ ^ mMwr ll» ***** . *«, n.. 

fcw of oqudibt? ^ ^ ii% §»i |«itKitthr h^nl4 
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ft, portion of their water, becoming opaque, and, in the process, lose 
their crystalline appearance, although preserving their original form. 
This process of the separation of water at the ordinary temperature 
is termed the cfflurmcvnce of crystals. Edloreaoeuoe takon place more 
rapidly under the receiver of an air pump, and cajmciolly at a gentle 
heat. This breaking up of a crystal is dissociation at the ordinary 
temperature. Solutions are decomposed in exactly the name maimer.®* 
The tension of tho aqueous vajaiur which is given off from orystallo- 
hyd rates k naturally, mi with solutions, less than the vapour tension of 
■water itself M at the same temperature, and therefore many anhydrous 
©alts which are capable of oombmirfg with water absorb aqueous vttpcmr 

M EOJorsaosnoOi like every evaporation, proceed# from the warfare. In the interior of 
crystals which have effloreiwiid there Is usually found a mm-eftkmaood sum, mi that tho 
majority of efflowtooed oryitak of w willing ml& show, in their fracture, a tnuiaparent 
nuolau# coated by an efflotewred, opaque, powdery mow. It Is a remarkub)n clrettmetenoo 
la tbl# respoet that efflorestwao* proceed# in a completely regular and unibma manner, 
m that tho angitis anil plows of similar crystallographic eh aw- tor eirnN aimak 
taawuoly, and in thin re#p«t tho orystaUiae form determines those parte of crystal# 
where efthireareuCe starts, mid the order in which it oontinuM. In wdutioaa evaporation, 
also proceeds from the surface, and the first crystal* which appear an Ik reaching tl» 
required degree of natumtimi are also formed at the surface, After falling to tire bottom, 
the crystal# naturally continue to grow (»re (‘liapter X.). 

w According to LeiKHnur (1.HH8), at lM' a concentrated solution of Itarium hydroxide, 
BaH|0,, cm first depoalting eryntei# {with + Hp) ha# a tension of about ftBO mm. 
(instead of 7tU) mm., Urn tension of water), which decteMe# (baeause the aoialkm evapo- 
rate#) to 48 mm., when all the water in uxpellad from the orystala, ttolfp* + 11*0, which 
are formed, but they ul»<> how water (diinaKdate,efth*re#re at UKf ), leaving the hydroxide, 
DaHi|O a , which is jasrieelly npd«oompo#abU> at UXr~ihnl la, Aws* not part with water. 
At 78" (the tension of water i# than Mfl mm.) a eolation, containing WHp, on erystell*#- 
tog has a tension of Mil mm. j the cryatel#, BaHPjj + Mip, which repamte out, have a 
tension of MO mm. j on losing water they give Xtefip* t Hp. This substance doe# net 
dwtompcHM at 78°, and therefore It# teiraten » 0, In three erysteltebyttratre width 
stetsM at the ordinary temperature, tho tetwien of {Uetetelatkm nearly a^preatimates to 
that of the* aqueous vapour, an bewkeur (ItWi) showed. To tod# ratogrey df #»«p©«(A 
belong BP* (8 4 m) Up, Cp*H* (8 + c) Hp, BaO (0 1 a) BP, and irO (0 4 •) Up. And 
a still greater tension is p©#«MB«d by NupCqiOHp, NapOjlOIIp, and Mg&O* f? +«) 
HP. Milller-Kntbach (1BB4) determine# the tension (with reference to liquid water) by 
placing tube# »f the am m. length with water and the uubstanren extwrt omitted with la a 
desiccator, the rate of hunt of water giving the relative tension. Tho a, si the ordinary 
temperature, crystal# of #ndlum phosphate, Nm,HI'0«4lSItp, present a tension of 0 T 
compared with water, until they lore Blip, then 0’4 until they tore 811*0 more, oral on 
losing the last equivalent of water the tensUm fail# te 0<M compared with water. It I# 
clear that the different molecule# of water are held by an unequal force. Out of the fire 
molecule# of water In copper sulphate tlw two first are ousqiaiaUvwly easily ssporatod, 
<m«i at Ute ordinary temperature (but early after several days In a dwdecak*, aeeordiu® 
to bakihmoff) ; tire next two are more difficultly separated, and the teat cqunwkuit te 
retained even at 100 *. Tills I# another indication of toe capacity of Cutttl* to term threa 
hydrate#, CuBCqallp, CuRtqnUp, and CuHt)*Hp, Tb* r* w-ardtre *»f Andreas on to# 
tension of dii.sm lation of hydrated sulphate of copper ebowad (Ml) the extehms e of 
three provinrea, cltareoterlsed at a given temp«(»toafa by a aoaatant toactoa ; (1) bateteo©. 
ft~«, (8) lietwren 1-tt, and te#Uy (8) ted worn 0-J mnlocula of water, wWkb agate cnafima 
tho uxteteueo of tore# hydratoa of too teovo oocapeaHio* tor this sate 
*{5 
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from moist air ; that is, they act like a cold body on which water is 
deposited from steam. It is on this that the desiccation of gases is 
based, and it must further be remarked in this respect that certain 
substances— for instance, potassium carbonate (K 2 CO s ) and calcium 
chloride (CaCl 2 )— not only absorb the water necessary for the formation 
of a solid crystalline compound, but also give solutions, or deliquesce * 
as it is termed, in moist air. Many crystals do not effloresce in the 
least at the ordinary temperature ; for example, copper sulphate, which 
may be preserved for an indefinite length of time without efflorescing, 
but when placed under the receiver of an air pump, if efflorescence be 
once started, it- goes on at the ordinary temperature. The tempera- 
ture at which the complete separation of water from crystals takes 
place varies considerably, not only for different substances, but also for 
different portions of the contained water. V ery often the temperature 
at which dissociation begins is very much higher than the boiling point 
of water So, for example, copper sulphate, which contains 36 p.c. of 
water, gives up 28-8 p.c. at 100°, and the remaining quantity, namely 
7*2 p.c., only at 240° Alum, out of the 45-5 p.c. of water which it 
contains, gives up 18-9 p.c. at 100°, 17'7 p.c. at 120°, 7*7 p.c. at 180°, 
and 1 p.c. at 280° ; it only loses the last quantity (1 p.c.) at its tem- 
perature of decomposition. These examples clearly show that the 
annexation of water of crystallisation is accompanied by a rather pro- 
found, although, in comparison with instances which we shall consider 
later, still inconsiderable, change of its properties. In certain cases the 
water of crystallisation is only given off when the solid form of the 
substance is destroyed : when the crystals melt on heating. The 
crystals are then said to melt in their water of crystallisation. Further, 
after the separation of the water, a solid substance remains behind, so 
that by further heating it acquires a solid form. This is seen most 
clearly in crystals of sugar of lead or lead acetate, which melt in their 
water of crystallisation at a temperature of 56 ’25°, and in so doing 
begin to lose water. On reaching a temperature of 100° the sugar of 
lead solidifies, having lost all its water ; and then at a temperature of 
280 °, the anhydrous and solidified salt again melts. 65 bls 

It is most important to recognise in respect to the water of crys- 
tallisation that its ratio to the quantity of the substance with which it 
<ia combined is always. a constant quantity. However often we may 


... Sodn un acetate (C^HjOjNaSHjO) n^elts at 68°, but re-soIidifi.es only on contact 
& i ’ e ^ ffl8e ^ remain liquid even at 0°, and may be used for obtaining . 

Jeannel - the latent heat of fusion is about 23 
^.Pickering the beat of solution 85 calories. 'When melted this 

S atmoenhS. ^^ 6 ten8i0D ° f the vapoui given o£t at temperature equate 
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prepare copper sulphate, wo shall always find 86‘14 p.c. of water in its 
crystals, and these crystals always lose four-fifths of their water at 
100°, and one-fifth of the whole amount of the water contained remain® 
in the crystals at 100°, and is only expelled from them at a temperature 
of about 240°, What has been said about crystals of copper Bulphate 
refers also to orystals of every other substance, which contain water of 
crystallisation. It is impossiblo in any of thoso cases to increase cither 
tho relative proportion of the salt or of the water, without changing 
the hornogonoity of tho substance. If ouco a portion of the water be 
lost— -for instance, if once oflloresconoo takes place— a mixture is ob- 
tained, aud not a homogeneous substance, namely a mixture of a sub- 
stance doprivod of water with a substance which has not yet lost water 
— -t.e. decomposition has already oommenood. This constant ratio is. 
an example of the fact that in chemical compounds tho quantity of tho 
component parts is quite definite j that is, it is an oxamplo \>£ tho so- 
called definite chemical compounds . They may be distinguished from 
solutions, and from all other so-called indefinite chemical compounds, 
in that at least one, and aomotimes both, of tho component parts may 
bo added in a largo quantity to an indefinite chemical compound, with- 
out destroying its hornogonoity, as in solutions, whilst it is impossiblo 
to add any one of the component parts to a dofinito chomical compound 
without destroying the homogeneity of the entire mass, Definite 
chemical compounds only decompose at ft certain rise in temperature ; 
on a lowering in temperature they do not, at least with very few ex- 
ceptions, yield their components like solutions which form ice or com- 
pounds with water of crystallisation, This leads to tho assumption 
.that solutions contain water as water, 6 ® although it may sometimes be 
in a very small quantity. Therefore solutions which are capable of 
solidifying completely (for instance, cry stallo-hyd rates capable of melt- 
ing) such ag the compound of 84^ parts of sulphuric acid, H 9 80 4 , with 
15^ parts of water, H a O, or H a 80 4) H a 0 (or H 4 SO & ), appear as true 
definite chemical cumpounda. If, then, %v« imagine euch a definite 
compound in a liquid state, and admit that it partially decomposes in 
•this state, separating water — not an ice or vajiour (for then tho system 
•would bo heterogeneous, including substances in different physical 
•tates), but in a liquid form, when the system will bo homogeneous— 

M Boob a phenomenon frequently prwnte itself In purely ehemleid notion, Fop 
imUuiee, let h liquid (mhutanee A give, with another liquid mibftknee I), tinder the eondl* 
Slone of an experiment, it mere minute quantity of ft wild or gaseous substance O. This 
email quantity wdl separate out (pa»a away from the sphere of action, as BerthctteS 
expressed it), and the remaining rawe«» of A tmd B will agate give 0\ eoMoquetiUy, 
under these conditions action will go on to the end, Bueh, it seems to me, 1$ the oetioo 
fat eelutians when they yield i« or vapour Indicating, the presence ot water. 
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wo shall form an idea of a solution m an unauble, dissociating fluid 
etato of equilibrium between water and the substance dissolved, Mare- 
ovor, it should bo remarked that, judging by pxjwjrimunt, runny substance*, 
give with water not one but diwrw compound*, 8 * which t» »««n in ihtr 
capacity of one substance to form with water many various tryvtaMa* 
hydrate, h, or compounds with water of crystallisation, allowing divom 
and independent propertlwi. From these conaidemtionn, mdutiune** 
may be regarded a® Jluid, unpaid*, definite chunicat et>mjH>umh in a 
state qf dmodalionP 

«r Certain *uh»Un«*M are cai*bta el terming te*wtte>r only *>m> itthcr* 

jerertU, And these of Urn moat varied degree* of atebiUty. The c»wj'«tm«U «4 water are 
iftBlanoea of thin kind. In BolutUm* the exUteuea i4 aevwal different definite re<mp"tuwlt 
bo acknowledged, but many at iham have eel yet been obtained in * free stale, and 
it may bo that they canned b*» obtained In any other but « liquid f*rw that t*. dUwdved $ 
ju»i a# there aw many undoubted definite wm pound* whwh m\% in iw )<hy»W«4 
State. Among the hydrate* stub in«t*mw» occur. Tb# cn»wp»*«i**4 t'0 4 * «H,l> (w tu*l« 
01), Recording to Wroldewaki, only wear* in a nolid f««n» Hydrate* like ll t H * lgtf,f> 
(X>« Forerund and Villard), HUr r HA {RooiebotHu), «*u» only be wrtepted *>« the Wda 
of a decrease of tension, bat prewmt themaelv** mi very autot***?**, ituapabta 

of existing la a #tabl» free state, Even milphnrte acid, 1MU» 4 , iteelf, which undoubtedly 
la a definite oompound, fumes ia a liquid term, giving aft th» anhydride, Hit* that i«, it> 
exhibits a very unstable equilibrium, The aryetalfo hydrate* *4 ehtoriw*. ft, » «H/»» 
of hydrogen sulphide, IIjB + lMf/> (it ia f«mwt at O", and la oniupietely «W<.«mp.wwsd at 
+1°, aa then 1 vol. of water only diwdve* 4 vote. «4 hydrogen ettl|>hi<b, white at a l it 
dissolves about 100 voliu), ami of many ether giwa, are ta*t*»ewa of hydrate* who h am 
very unstable. 

*• Of tnteh a kind are alms other indefinite ebrnfoal e**uf*utnd» ; f r example, 
metallic alloys. These are eolld »ub»bwvm?» or anlWUfWd wdultona »»* »»et«U. They *Im» 
contain definite compound*, and rnay contain an axe*** at nn« at the »«»«*!». Accordingf 
to the experiments of Laurie (lHbfll, Uw alloy* at nine with copper in t Ui tl*« «d«. 
tremotive force in galvanic batteries behave just hk«» cine if the p-r«-j « »n- « *4 ropjvsr fo 
the alloy does not exceed a certain penwotagw*' that h, until a definite «,.tup..ttnd {# 
CUained— for In that me particle* of free nine am prwwulj bat if a cqqwr *urf*r« Isa 
token, and U lie covered by only one tboonaodlh |«rt at U« area at nine, ih» n only llwt 
nine will act in a galvanic battery. 

^ According to the above nuppaalMon, the c«u<litteu at «4utei«* in th» «rn*<> af th» 
klnotia hyiaitheais of matter (that la, on the at <ut Internal *»».»** uf 

medoouka and atoms) may ha rapwamted to ttei telbi-wing fom In m b»m^e«w»ma 
liquid— for instance, water— U» nmternh»« «»wr to a mrtaiu «ut« *4. «ltte iqth umhite* 
BtiU stable, equilibrium. When a euWanro 4 dlmohm itt water, it® luntemte* bom with 
several moleeulea at water, tyatema 4nII/t, whteh m m awtebte that wWn 
by wolseolM of water they deeompmm and mfetm, m that 4 f»w** tittm IM«< at 
molooulc# of water to another, and the smteenkm at water uhi- h •#?• «t u>m in 

harmonious motion with A In the fem of the system A«HA lw «» bmI i»*Uwi 
may Have already weeeeM in getting free. The additem »4 water nr nf erteute .4 A 
may either only alter the number of free usotetwte*, which in their turn water inm •> *tem# 
4nH a 0, or they may introduce eonditUn ter the pemfiteiity ,4 b»Mm up m* «.y«tew* 
AntHsO, where m U either great«r or Um than w. If in the wdatfem the reUtem >4 the 
molecules be the same as in the system 4wiH a O, than tb* addiihm t4 fr»h m<>te«nte« df 
water or of 4 would be followed by the formate of in »dtetes4Mll*ii, Th«r«tetiv# 
quautity, stability, and composition wf tee eptam m definite wilt my (* 

j <mo or another solution. I adopted this view of ediute* (tm, Ptefowteg 
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In regarding solutions from this point of view they come under th& 
head of those definite oompounds with which chemistry is mainly con- 
Icornod. 70 

We saw above that copper sulphate loses four-fifths of its water at 
100° and the' remainder at 240.° This means that there are two defi- 


ut forward a similar view) aftor a most intimate study of tho variation of their specific 
, villas, to which my book, cited in note 10, is devoted. Dofinito compounds, AnjIIaO 
and AmtHgO, existing in a free — for instance, solid— form, may in certain cases bo hold 
In solutions in a dissociated state (although but partially) ; thoy aro similar in tlioir 
Structure to those cloflnito substances which aro formed in solutions, butitisnotneoessary 
to luasumo that such systems as NaaSO^+lOlXjO, or NoySO* + 7H3O, orNogSO^, are oon- 
fcained in solutions. Tho comparatively more stable systems JniHjO which exist in a 
troo state and olmngo tlioir physical state must present, although within oortain limits 
( of temperature, an entirely harmonious kind of motion of A with WjH 9 0 ; tho property 
also and state of systems A«H 3 0 and ooourring in solutions, is that they are 

a liquid form, although partially dissociated. Substances A 1( wliioli givo solutions, 
0 distinguished by the fact that they can form such unstable systems AnH a O, but 
osidos thorn they can give other much morij stable systems j4»j^H 9 0. Thus ethylene, 
in dissolving in water, probably forms a system CyH 4 «H.jO, whloli easily splits up 
ntu C 3 II 4 uiui II 3 0, hut it also gives tho system of alcohol, C 3 II 4 ,H s O or C a II<jO, which 
b Comparatively stable. Tims oxygon can dissolve in water, and it can combine with it, 
forming iwiroxido of hydrogen. Turpentine, Chilis, docs not dissolve in water, but it 
combines with it as a comparatively stable hydrato. In other words, tho ohomical struc- 
ture of hydrates, or of tlio dofinito oompounds wliicli aro contained in solutions, is dis- 
tinguished ngt only by its original peculiarities but also by a diversity of stability. A 
milar structure to hydrates must bo acknowledged in cryntallo-hydratcm. On molting 
ey give actual (real) solutions. As substances which give cryptallo-hydratee, like salts, 
arc capable of forming a number of diverse hydrates, and as tlio greater the number of 
molecules of water («) thoy (ri?JI a O) contain, tlio lower is tlio temperature of tlioir 
formation, and as the more easily they decompose tho more water thoy hold, therefore, 
the first place, the isolation of hydrates holding much water existing in aqueous boIu- 
8 may be soonest looked for at low temperatures (although, perhaps, In oortain oases 
iy «ann6t exist in the solid state) ; and, secondly, the stability also of snob higher 
drakes will be at a minimum under the ordinary oiroumstlsnoes of the occurrence of 
quid water. Hence a further more detailed investigation of cry ©hydrates may help to 
tlio elucidation of the nature of solutions. But it may be foreseen that certain ©ryo* 
hydrates will, like metallic alloys, present solidified mixtures of ioo with tlui salts thorn* 
jsolvcs and their more stable hydrates, and others will bo definite compounds. 

70 Tlio above representation of solutions, Ac., considering them as a jiartiaular state 
/pf dofinito compound^ oxchules tho uidiqioiidcmt cxistoucu of indefinite oouquiunds ; 
hy this means iliat unity of chemical conception i •, obtained which Cannot be arrived 
|at by admitting the pliysioo-moohanionl conception of indefinite compounds. The 
gradual transition from typical solutions (an of gases in water, and of weak saline 
Win lions) to sulphuric acid, and from it and its definite, but yet unstable and liquid, 
©oropounds, k> clearly defined compounds, such as salts and tlioir crystallo-hydratea, 
J* so itnpcrosptfblo, that in denying that solutions pertain to the number of definite 
hut dissociating compounds, wo risk denying tlio definiteness of tlio atomic com* 
Hoaition of such substances as sulphuric acid or of molten orystaUo*hydrates. I 
keiHw.it, however, that for th© present tho theory of solutions cannot he considered as 
firmly established. Tlie aIhivo opinion about them is nothing more than a hypothesis 
endeavours to satisfy those comparatively limited data which we have for the 
about ttolutitma, and of those cases of their troniiition into definite compounds* 
submitting solutions to the Daltonlo conception of atomism, I hopo that we may not 
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suite compounds of water with the anhydrous salt. Waahing soda or ear* 
bonata of sodium, Na,00» separates out m crystal**, Na|CO #l lOH fi O, 
containing 02*9 p.o. of water by weighty from U« sedation* at the 
ordinary temperature, When a solution of the same salt deposits 
crystals at a low temperature, about -20*, then those crystal* contain 
71 ‘8 parts of water per 28*2 parts of anhydrous salt. Further, the 
crystals are obtained together with ice, and are toft behind when it 
melts, II ordinary soda, with 82-0 p.e. of water, bo caut handy melted 
in its own water of crystallisation, there remains a salt, in a solid state, 
■containing only 14*5 p.o/ of water, and a liquid i» obtained which con« 
tains tho solution' of a salt which separates out crystals at 34% which 
contain 40 p.o, of water and do notefflaresee in air. Lastly, if a au|ier« 
saturated solution of soda bo prepared, then at temperatures below 8* 
it deposits oryitaii containing 84*8 p,o. of water. Thus m many as 
five compound* of anhydrous soda with water aw known ; and they are 
dissimilar in their properties and crystalline form, and even in tholr 
solubility. It is to bo observed that tins greatest amount of water in 
the crystals corresponds with a temperature of — 90% and th» smallest 
to the highest temperature. There is apparently no relation between 
the above quantities of water and the salts, but thin is only Wauwi in 
each Case the amount of water and anhydrous salt was given in ja«r* 
oenteget j but if it be calculated for one and the name quantity of 
anhydrous salt, or of water, a great regularity will in* observed in the 
amounts of the component parte in all three compounds It appears 
that for 100 parte of anhydrous salt in the crynteto separated mi at 
— 20° there are 370 parte of water j in the crystal* obtained at 1 8 * thorn 
are 180 parte of water j in tho crystals obtelntd from a aupnmturated 
solution 120 parts, in tee crystals which separate out at 34% 90 ports, 
and the orystals with the smallest amount of water, 18 parts. On 
comparing these quantities of water it may easily be seen that they art 
in simple proportion to each other, for they art all divisible by 18, and 
are in the ratio ,15 j 10 1 7 1 5 i l, Hatutaity, direct experiment, 
however carefully it be conducted, te hampered with error*, but taking 
"fchcte unavoidable experimental errors into ewwhkratkm, it will b® 
seen, teat tor a given quantity of an anhydrous substance there occur, 
in several of its compounds with water, quantities of water which art 
in very simple multiple proportion. Thia it ab«trv«d in, and is muon 


only attain to a general luumoekms timsimA AooMas, totgtsibtMw mMvm tm 
fow«%atio» ana tewareH will appear la the problem el fatten*, wM* mtt*i siitor 
acm&rm the propoeofl theory or repkee it by another teller mA fcraiw t*m ; aa4 1 term? 
part oaanot consider thia to be tee ease with toy at the other prawns 4y4ffom at nte - 
4iona (note 40), 
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to, all definite chemical compounds This rule is called the law of' 
multiple proportions. It was discovered by Dalton, and will be evolved 
in further detail subsequently in this work. For the present we 
will only state that the law of definite composition enables the com- 
position of substances to be expressed by formulae, and the law oj^ 
multiple proportions permits the application of whole numbers as co- 
efficients of the symbols of tho dements in theso formula). Thus the 
formula Na 3 00 3 , 10II a O shows directly that in this crystallo-liydrate 
thoro aro 180 parts of water to 106 parts by weight of the anhydrous 
salt, booauso tho formula of soda, Na a 00 8 , directly answers to a weight 
of IOC, and tho formula of water to 18 parts, hy weight, which are here 
taken 10 times. 

In the above examples of the combinations of water, we saw thO' 
gradually increasing intensity of tho bond between water and a 
substance with whioh it forms a homogeneous compound. There ib a 
series of such oompounds with water, in which the water is held with 
very groat force, and is only given up at a very high temperature, and 
sometimes cannot bo soparatod by any degroo of heat without the entire 
decomposition of tho substanco. In those compounds thoro is generally 
no outward sign whatever of their containing water. A perfectly now 
substance is formed from an anhydrous substance and water, in which* 
somctimos tho properties of neither ono nor tho ofchor substance aro 
observable. In tho majority of casos, a considerable amount of heat is 
evolved in tho formation of such compounds with water. Somotimes 
tho heat evolved is so intonae that a red heat is produoed and light* 
is emitted. It is hardly to be wondered at, after this, that stablo- 
oompounds are formed by such a combination. Their decomposition, 
requires great heat ; a large amount of work is necessary to separate 
them into their component parts. All such oompounds are definite, 
and, generally, completely and dearly definite. Tho number of suob 
definite compounds with water or hydrates , in tho narrow sense of tho 
word, is generally inconsiderable) for oach anhydrous substance , in the 
greater number of oases, thoro is formod only ono such combination of a 
substance with water, ono hydrate, having so groat a stability. Tho 
water contained in those compounds is often called imter oj constitution 
- — ie. water which enters into tho structure or composition of the given 
substance. By this it is desired to express, that in other cases the 
molecules of water are, as it were, separate from the molecules of that 
eubatanoo with whioh it is combined. It is supposed that in the forma- j 
tion of hydrates this water, oven in the smallest particles, forms ono 

I i t i 1 .1 


dense, compact, and rather tenacious*. Limo is usually mud in thi« 
form, and' boars the name of * quick ’ or ' unslakod 1 ltrne. If water bt 
poured over such Hme, a great rise in temperature is remarked either 

t 

the water is evaporated, the atony mass in nlmorMng water crumbles into 
powder, and if the water be taken in sufficient quantity and the lime 
bo pure and well burnt, not a particle of the original atopy mans in loft— 
it all crumbles into powder. If the water fa* in excess, then naturally 
a portion of it remains and forms a solution. This process ia called 
‘slaking’ lime. Slaked lime la used in practice In intermixture with 


dried at 100° it retains 24*3 p.e. of water. This water can only be 
expelled at a temperature above 400*, ami then quicklime is re-obtained. 
The hoat ovolvod in the combination of lime with water la so intense 
that it can set Art* to wood, sulphur, gunpowder, &e. Even on mixing 


©mall quantity of water in the dark, a luminous effect k observed. But, 


phosphorus be buret in dry air, a white substance called * pbotphorio 
anhydride' is obtained. It combines with water with such energy, that 
the experiment must be conducted with great caution. A ml brat it 
produced in the formation of the compound, and it i<t (mpoariblo to 
separate the water from the resultant hydrate at. any temperature. 
The hydrate formed by phosphoric anhydride ia a substance which if 
totally undecompomblo into its original component parts by the action 


* 

•anhydride, 6Q 8 , oombinea with wator, forming its hydrate, wilphurl© 
•acid, H a S0 4 , In both <mm definite compound* art produced, but 
the latter substance, m a liquid, and capable of d acorn ponithm by 
heat, forms an evident link with solution®. If BO part# of sulphuric 
anhydride retain 18 parts ©I wator, this wntor cannot be separated from 
the anhydride, even at a temperature of 300®, It k only by t&@ 
addition of phosphoric anhydride, or by a striis of chemical traatfooMte 
tions, that this water can be eeparatod from ita compound with 
•sulphuric anhydride. Oil of vitriol, or sulphuric acid, k moh a mw* 

n k combining with water weight «f Hum* «wdvM m mm at Wi A 

Wgh teraporatur® h i dbMnea, tecum the «pe«Me teat tte wrcUtteg gmfwt k maaH. 

fcydroxlde), NaHO, evolves 663 unite ol teaUor *ech part t>y weiyU e# rri^ rm rjrf'K 
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pound. If a larger proportion of water be taken, it will oombine 
with the H a S0 4 ; for instance, if 36 parts of water per 80 parts of 
eulphurio anhydride be taken, a compound is formed which crystallises 
in the cold, and remits at + 8°, whilst oil of vitriol does not solidify even 
at— 30°, If still more water be taken, the oil of vitriol will dissolve in 
the remaining quantity of water. An evolution of heat takes place, 
not only on the addition of tho water of constitution, but in a less 
degree on further additions of water. 79 And therefore there is no 
distinct boundary, but only a gradual transition, between , those 
chemical phenomena which are expressed in the formation of solutions 
and those which take place in' the formation of the moat 'stable 
Jbyd rates. 73 

n The diagram given in note 86 showtf tho ovolution of heat on tho mixture oi 
eulphunlo acid, or mono-hydrate (HjSO* te, SOj+ HjOJ, with different quantities of wator 
per 100 vole, ol the resultant solution. Every 08 grams of eulphurio acid (H a 80 4 ) evolve, 
on the addition of 18 grams of water, 6,870 units of heat ; with twice or three times the 
quantity of water 0,418 and 11J.87 units of heat, and with an infinitely largo, quantity of 
water 17,860 units of heat, according to tho determinations of Thomson. Ho also showed 
that when is formed from fiOj ( «=8Q) and H a O (®=18), 81,808 units of hoab are 

•evolved per OH parts- by weight of tho resultant aulphurlo ooid. 

7J Thus, for different hydrates tho stability with which thoy hold wator is vory dis- 
similar. Certain hydrates hold water vory loosely, and in combining with itovolvo littlo 
hoat. From other hydrates tho water cannot ho separated by any degree of heat, even 
If they aro formed from anhydrides (vs. anhydrous nuhstanoos) and wator with lUtlo 
ovolution of hoat; for instance, aootio anhydride hi combining with wator evolves an 
inconsiderable amount of hoat, hut the water oaunob then bo expelled from it. If tho 
hydrate (aootio acid) formed by this combination ho strongly heated it either volatilisea 
without change, or decomposes into new substances, bat it does not again yield tho origi* 
nal substances — it)., tho anhydride and water, at least in a liquid form. Here is an 
instance which gives the reason fot calling tho water entering into tho composition of the 
hydrate, water of constitution. Such, for 'example, is the water entering into tho so- 
called caustic soda or sodium hydroxide {teo note 71). But there are hydrates which 
easily part with their water j yet this water cannot be considered aa water of crystallisa- 
tion, not only because sometimes such hydrates have no crystalline form, but also because, 
in perfectly analogous eases, very stable hydrates are formed, which are capable of parti* 
cnlur kinds Of chemical reactions, as we shall subsequently learn. Such, for example, la 
tho unstable hydrated oxide of copper, which is not formed from water and oxide of 
copper, but which is obtained j a tit like far more stable hydrates, for example, the hydrated 
oxklc of barium HaII a O a equal to IlaO + ItjO, by tho double decomposition of the ©elution 
of salts with alkalies. In a word, there is no distinct Iwuodary either Imtween tho water 
of hydrates and of crystallisation, or between solution and hydration. 

It must be observed that in separating from an aqueous solution, many subitanooe, 
without having a crystalline form, hold water In the same unstable state os In crystals j 
only thin water cannot he termed ' water of crystallisation f it tins eubstonea which 
separates out lute no crystalline form. The hydrates of alumina and ftiliea are examples 
of such unstable hydrates. If these substances are separated from cm aqueous eolation 
by a chemical process, then they always contain water. The formation of a new chetnlcs 
compound containing water is here particularly evident, for alumina and silica in w 
anhydrous state have chemical properties differing from those they show when combine* 
with wator, and do not combine directly with it The entire series of oolloids on eepar 
•flag from water form akuOac compounds wf& it, whihh have the aspect of aolM geJattoona 
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Wo Imvo thus considered many aspects and degrees of combination 
of various substances with water, or instances of the compounds of 
water, whan it and other substances form now homogeneous *ul«tancca, 
which in this owe will evidently be complex *-».«. math* up of dilFerenfc 
substances— and although they are homogeneous, yet it must \m 
admitted that in them thorn exist those component parts w hich entered 
into their composition, Inasmuch as these parte may Im re obtained from 
thorn. It must not be imagined that water really exists in hydrates of 
limo, any more than that ice or steam exists in water. Wh» n we say 
that water occurs in the composition of a certain hydrate, we only wish 
to |K)i«t out that there are chemical transformation* in which it U 
posaiblo to obtain that hydrate by means of water, and other transfor- 
mations in which this water may be separated out from the hydrates. 
This is ah simply expressed by the word#, that water enter# into tit© 
composition of this hydrate. If a hydrate l«< formed l>y fWblo bond#, 
and bo decomposed even at the ordinary temperature, and bn n liquid, 
than the water appears to ants of the product;* of diaamiathm, and 
this gives an idea of what solutions are, and forms the fundamental 
distinction botwaon them and other hydrates in which the water li 
oombiotd with greater stability 

•abetaae##. Water i« hold In tv ttou»id»rat4« qmuiiUy its n«U4<fte4 gitw »i U4U4 albatuts, 
Xfa cannot be exptilled tram them by prewure j hence, in this i***> there h« e<«uw4 >•••«*» 
kind of combination of Uw «rab*ta.tm with water. Thl* water, h***«> w, i» ewelly eepamteA 
on drying ; but not Owi whole of it, a portion being retained, and thu portion U mneiderefl 
to belong to Urn hydrate, although In lhl« cum it 1« very ihflkuls, t( not imp>'**H4«>, to 
obtain definite compound ». Tito atewnoa of My dUUnet bnumkry U««» between * !»• 
lions, oryetellohydrotea, and ordinary hydrate* *W*e referred k», is very clearly *«eB to 
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CHAPTER II 

THU COMPOSITION OP WATER, HYDROGEN 

The question now arises, Is not water itself a oompound euietanae t 
Cannot it be formed by the mutual combination of some component 
parts 1 Cannot it be broken up into its component parts ? There cap* 
not be the least doubt that if it does split up, and if it is a compound, 
then it is a definite one characterised by the stability of the union 
between those component parts from which it is formed. From the 
fact alono that water passes into all physioal states as a homogeneous 
wholo, without in tho least varying ohomioolly in its properties and 
without splitting up into its component parts (noithor solutions nor 
many hydrates can bo distillod—thoy aro split up), wo must conoludo, 
from this fact alone, that if water is a compound thon it is astablo and 
definite chemical compound capnblo of ontoring into many other com- 
binations. Like many other groat cl recoveries in tho province of 
chemistry, it is to the end of the last century that we aro indebted 
for tho important disoovery that water is not a simple substance, that 
it is composed of two substances like a number of other compound 
substances. This was proved by two of the methods by which the com- 
pound nature of bodies may be directly determined , by analysis 
and by synthesis — that is, by a method of the decomposition of water 
into, and of tho formation of wator from, its component parts. In .1781 
Cavendish first ol>tainod water by burning hydrogem in oxygen, both of 
which gases wore already known to him. IIo concluded from this that 
water was composed of twq substances. But ho did not make more 
accurate experiments, which would have shown tho relative quantities 
of tho component parts in wator, and which would hnvo determined its 
complex nature with certainty. Although his experiments were the 
first, and although the conclusion ho drew from them waa true, yet such 
• novel ideas as tho complex nature of water aro neb easily recognised so 
long ica there is no sorioa of researches which entirely and indubitably 
proves tho truth of such a conclusion. The fundamental experiments 
which proved the complexity of water by the method of synthesis, and 
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of its formation from other substance*, wore made in 1780 by Mange, 
t Lavoiaicr, Fouraroy, and Vauqunlin. They obtained four ounce# of 
water by burning hydrogen, and found that water consist!! of 15' part* 
of hydrogen and 85 parts of oxygon. It was also proved that the 
weight of water formed was equal to the sum of tho weight* of the 
component parts entering into its composition ; consequently, water con- 
tains all the matter entering into oxygon and hydrogen. Tho com* 
ploxity of water was proved in this manner by a method *>f synthesis. 
But we will turn to its analysln— i.o. to itn dwompealUon into ita own* 
ponont parte. Tho analysis may bo more or It* complete. Either 
both component parte may be obtained in a separate state, or «Jt§ 
only ono is separated and tho other is converted into a new compound 
in which its amount may bo determined tty weighing. Thin will bo a 
reaction of substitution, such m is often taken advantage of for 
analysis, The first analysis of water was thus conducted in 1784 by 
Lavoisier and Meusnier. The apparatus they arranged consisted of a 
glass retort containing water previously purified, ami of which the 
weight had been determined. The neck of the rotort vu Inserted into 
a poroelain tube, placed inside an wen, and Heated to a ml boat by 
charcoal. Iron’ filings, which decompose watet; at a ml heat, were 
placed inside this tube. The cad of the tube w«y* connected with a 
worm, for condensing any water which might pas* through the tube 
undeooroposed. This condensed water was aoHocted in a anparate 
flask. The gas formed by tho d composition was aoUeoted over water 
In a bell jar. The aqueous vapour in pawwing over the red hot iron «m 
decomposed, and a gas was formed from it whose weight muld be 
determined from its volume, its density being known. Beside* 4b§ 
water which passed through the tube unaltered, a certain quantity of 
.water disappeared in the experiment, and this quantity, in the expert* 
meats of Lavoisier and Meusnier, wn* equal to the weight of gas which 
was collected in the bell jar plus the inemt* in weight of th« Iron 
Mags. Hence the water wa§ decomposed tote a gas, which wm 
collected in the bell jar, mad a substance, which oombined with the 
iron } consequently, it is composed of these two component part*. Thte 
was the first analysis of water ever mad© j but here only on© (and not 
both) of the gaseous component parte of water was coUeoted separately, 
Both the component parte of water can, however, be aimulten®mi»ly 
obtained in a free state. For this purpose tho decomposition i» brought 
about by a galvanic currant or by heat, as we shall ltarn dirtotly. 1 


i The flint experiment^ of the eywtheeUi e,«t «f water m net 

however, on entirely oonviaetng proof that water mi mm posed of hy&ofw mi mfgm 
only. D*vy, who (nveetlftsted the deeomposl tkm of water t»y the ««lr»te emt 
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Water is a bad conductor of electricity — that is, pure -water does 
siot transmit a feoblo current ; but if any salt or acid be dissolved In 
it, then its conductivity increases, and on the passage qf a current 
through acidified water it is decomposed into its component parte. 
Some sulphurio acid is generally added to the water. By immersing 
platinum plates (olootrodos) in this water (platinum 'is choson bocauso 
it ia not -acted on by acids, whilst many othor raotals aro chemically 
noted on by acids), and connocting thorn with a galvanic battory, it 
will bo observed that bubblos of gas appear on these plates. The gas 
whioh separates is called detonating gas , a because, on ignition, it very 
easily oxplodos . 3 What takes place is as follows : — First, the water, 
by tho action of tho ourrent, is decomposed into two gases. The 
mixture of these gases forms detonating gas. When detonating gas ia 
brought into oontact with an incandescent subetanco —for instance, a 
lighted taper— the gosos re-combine, forming water, tho combination 
boing accompanied by a groat evolution of heat, and therefore tho 
vapour of tho wator formod oxpands considerably, whioh it doos very 
rapidly, and as a consoqucnoo, an oxploslon takos place — that is, sound 
and increase of pressure, and atmosphorio disturbanoo, as in tho ox- 
plosion of gunpowder. 

In order to discovor what gosos aro obtained by tho decomposition 
of water, tho g&sos whioh separate at each electrode must bo collected 
separately. For this purpose a Y-shaped tubo is taken ; one of its 
ends is open and. tho other fused up. A platinum wire, terminating 
inside the tubo in a plate, is fused into the closed end ; the closed ond 

thought lor a long time that, besides tho gases, an add and alkali wore also obtained. 
Ho was only convinced of the loot that wator contains nothing but hydrogen and oxygen 
by a long aeries o£ wmearehes, which showed him that the appearance of an acid and 
alkali in tho decomposition of water proceeds from the presence of impurities (especially 
from tho presence of ammonium nitrate) in water. A final comprehension of the com- 
position of water ia obtained from the accurate -determination of tho quantities of the 
component parts which enter into its composition. It will he Been from this how many 
data are mioonsury fur proving the composition of water— that is, of the transformations 
of which it is capable. What has Imkui mud of wator refers to all oilier comjKiunds ; tho 
Investigation of each ouo, tho entire proof of its oonn>cBition, can only bo obtained by the 
accumulation o! a large mass of data referring to it. 

9 This gas Is collected in a voltameter. 

8 In order to olmervc this explosion without the slightest danger, it ia Wat to proceed 
In the following maimer. Home soapy water is prepared, so that it easily forms soap 
bubbles, and it is poured Into an iron trough. In this water, the end of a gtus-i-ondtteUng 
tube i® h merited. Tliin tube ia commoted with any suitable apparatus, in which do to- 
rutting ga*t ia evolved. Hoap bubbles, full of this gas, are then formed. If the apparatus 
in which tho gas i» produced bo then removed (otherwise the oxpktoUm might travel into 
the interior of the apparatus), and a lighted taper he brought to the soap bttbbtes, a very 
sharp explosion takes place, Tim hubbies should he moll to avoid any danger! ten* 
each about the ai&o of a poo, suffice to give a sharp report, like a piutol shot 
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id entirely filled with water 4 acidified with aulphurio acid, and another 
platinum wire, terminating in a platen ia immersed in the open end. 
If a current from a galvanic battery he now passed through the wirea 
an evolution of gases will bo observed, and the gas which ia obtained 
in the open branch passes into the ftir, while that in the closed branch 
accumulates above the water As this gas accumulates! it displace® tho 
water, which continues to descend in the cloned and awxuul into the 
open branoh of the tubes. When the water, in this way, reaches the’ 
top of tho open ond, tho passage of the current is h topped, and the gas.' 
which was evolved from one of the electrodes only ia obtained in the 
apparatus. By this moans it is easy to prove that a particular gas 
appears at each electrode. Xf the dosed end be connected with the- 
negative polo—ie. with that joined to the dne— then tin* gas collected 
in the apparatus is capable of burning. Thin may be demonstrated by 
the following experiment : — Tho bent tulxs ia taken off tho a torn!, and 
its open ond stopped up with the thumb and inclined in such, a manner 
that tho gas passes from tho closed to the ojnsn end. It will then b# 
found, on applying ft lighted lamp or taper, that the giui burna Thi® 
oombustlble gas is hydrogen. If the same experiment he carried on 
with a ourrent passing in the opposite direction— that i», if the eloaed 
end be joined up with the positive pole (ms. with the carbon, copper, 
or platinum), then tho gas whioh is evolved from it does not itself bum, 
but it supports combustion very vigorously, »o that a»mouhlwing taper 
in it immediately bursts into flame. This gas, which in collected at the 
anode or positive pole, i« oocygm, which in obtained, m wo »w before 
(in the Introduction), from mercury oxide and 1« eontainml in air. 

Thus in tho decomposition of water oxygen appears at the jxmlivo 
polo and hydrogen at tho negative pole, 4 ’* 1 '' no that detonating glut will he 
a mixture of both. Hydrogen burns in air from the foot that in doing 
bo it re-fortua water, witli the oxygen of the air. Detonating gas 

* La order to till the tube with water, it U tamed up, w* that M«* *»ut 

downwards and the open sad upwards, sad water iwsaUM with autpharte arid te poured 
into it. 

* su Owing to the gradual bat steady progress mate during the butt twenty .five y mm 

la tho production of an eleetria nummt from klu< dynamo awl Ite imnsmisskiR **vw «w»» 
oKteroble distance#, tlw elootrolytio, deeompwdtian el many ernttpemnd bottle* baaowjuirwl 
groat importance, and the use dtho electric current ia making ite way ten* many riwmtail 
manufactures. Hence, Frol. D. A. Laehta»£P» proposal to nteteln hydm*iwt and oxygen 
(both of whioh have many applications) by means of al«feriyek(rftb«ref a to t» IS par tun*, 
solution of oanatio soda or a 15 per cent, eolation of «aph«rio acid) may iwt a prarifeal 
application, at all events In the future. In gamma!, owing te thrir simple *ty. »Wte«lyite 
methods have a groat future, but m yet, so long as the pnatoetim **f m rieotrte mtm *t 
remains so costly, their application is limited. And ft* this mm, tUttem# «*rtel« of 
these methods are mentioned in this work, they are not specially meteteml, the mm 
so since a profitable and proper uso of the electric current ft* uUwtttea! purposes requires 
special electro-technical knowledge whioh beginners be to have, «4 
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.explodes from the faot that the hydrogen bums in the oxygen mixed 
with it. It is very easy to measure the relative quantities of one and 
the other gas which are evolved in the decomposition of water For 
this purpose a funnel is taken, whose orifice 
is closed by a cork through which two platinum 
wires pass. These wires are connected 
with a battery. Acidified water is poured 
into the funnel, and a glass cylinder full of 
water is placed over the end of each wire 
{fig. 18). On passing a current, hydrogen and 
oxygon collect in these cylinder^, and it will 
otvsily be seen that two volumes of hydrogen are 
evolved for every one volume of oxygen. Thin 
signifies thab, in decomposing, water gives two 
volumes of hydrogen and one volume of oxygen. 

Water is also decomposed into its com* 
ponont parts by the action of heat. At the 
molting point of silver (1)00°), and in its 
presence, water is dooonqKWod and the oxygen 
absorbed by the molten silver, which dis- 
solves it ao long m it is liquid. But dirwtly tin' silver solidifies the 
oxygen is expelled from it. However, this experiment is not. entirely 
convincing ; it might bo thought that in this case the dm-nmj nation of 
the water did not proceed from the action of heat, but, from the action 
of the silver cm water — tlmt silver decompose* water, taking up the 
oxygen. If steam be passed through a rod-hot tube, who** internal 
temperature attains 1,000®, then a portion 9 of tiro water tltxinmpoaM 
into its component parte, forming detonating gas. Rot on pmming 
into the cooler portions of the apparatus this detonating gas again re- 
unites and forma water. The hydrogen and oxygen obtained combirm 
together at a lower totni>eratura* Apparently the problem to show 
the decoui pc inability of water at high temjH'ratun , ?i — in unattainable. 

tUt'fc'fe.i’o, all «X|»mit.|itii uf the* filcrUr*.!*™ hlc.-t^ycM nj^4^s.l 6.* ii.** j.p,«sUv 

of olirrmotvl tmunfitritmOnuw, m. 1 ti» .u^li rpfsrfwl m lit el’*® 11 ® $*’ ^ 

soopa t»f th« prpM«tit vmrk 

9 An i, tvirt its ft*riitp,| by lit., o»iiitliiri®il,'.Ti *,f . .t « wm 1 hy4f.^w.e, mil. a. r 

evolution of host, mmJ mi it o»n te Hu* rv«eu<>n t* « r»*e>«4l4» *=* m 

(*W Into*lu«Umi}, tuul «*iwiqiM»«Uy M. a In*}, n-.segwranm. Uim , 

<uuitmt Iwi e«mjilote— it i« V*y if,* «.}>jR.*.k» US t* 

S"t kii'.wn lii.w much water i® *U-< 4 «i s. gn«i l«irit«niMntt ) *lia>»4)i hmk^ eS:«1« 

(tiunwti, wnl iillwMl lt«v« twin iM«tn i« van-.*w» 4tfw®n««fr» wi’Jtr. iiw® N*.»t 

kmirwiug llm cwfSeiool of 0k]iMik»4t, mol *te »|*sUU> b*»t erf gm»-» «* ttmh kngU fe» 
poratturwt, meters «4I v*a4aul»t«<M (true* oW«rwOsk»*»# <4 fete pmmm» cm m|4 «M|) 
Uenltifttl 



JOtj. IK, - of «»tat 

l.y tlt»> if»lv«uip eurrwni, few 

(l.irrniinttiii iu h*. 

twrrli llm *. .lul.tr*. f 
Cittl «,sV(fcn 
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It was considered as such before Henri Saint©- Claire Deville (in tho 
fifties) introduced tho conception of dissociation into chemistry, as of 
a change of chemical state resembling evaporation, if decomposition bo 
likened to boiling, and before ho had demonstrated tho decompcmbility 
of water by the action of heat in an experiment which will prencmtly bo 
described, In order to demonstrate clearly tho dmocuitinn of water, 
or its deoomposabillty by heat, at a temperature approaching that at 
which it is formed, it was necessary to separate the hydrogen from tho 
oxygon at a high temperature, without allowing tho mixture to cool, 
Dovillo took advantage of tho difference between the densities of 
hydrogon and oxygon. 

A wide porcelain tube p (fig. 10) is placed In a furnace, which can 
be raised to ft high temperature (It should bo heated with small pieces 



Fat. 10,— Beeompodtlem of water by tli« action of and the *emuuit«a trl tea hydrofoil forard by 

U« permesttag tlirmqjh a t*mm tol*. 

of good coke). In this tul>e there l# inserted a second tube t, of 
smaller diameter, made of unglaxed earthenware and therefore porous, 

0 Grove, In W47, observed that a platinum wire ftjwwl In th« nay hydrogen flame— 
that if), having (required Urn temperature of the formalism «f water - end having; formed 
a molten drop at Ha end which fell Into water, evolved detonating goa-that fa, 
posed water. It therefore follows that water already «lw«*ipo#a* at th« temperature of 
its formation, At that time, this formed a eotoatiflo paradox | thta »» shall unravel 
only with the development of the e<>neepU»tm of diawiiattou, InlrwloMwl into eeiwws 
by Henri Salnto-Glairo Devilla, in 1H57. Theta rt*n« ejitmna torn an Un|mrtaNl epoch 
In eolenoe, and their development in mm of the probhw# of »«Jwo ebemtetry. Th» 
easenoe of the matter (a that, at high temperatures, water estate Inst also 
just as a volatile liquid, at a certain temperature, extols both as a Ikjuid w«l as a vapsmr. 
Similarly aa a volatile liquid saturates a ejwwe, attaining its maximum tension, s» altar 
the products of dissociation have their maximum tension, and me* that to attained 
decomposition ceases, Juat m evaporation »» Under hit# extern#, If Mu* vapour 
be allowed to eacapo (and therefore Its partial pmesura be dimtntah*rf|, evapwntewt re- 
commence*, bo also li the products of deeompwritloa be wmovad, dettomptadthm again 
continues. These simple conceptions of dissociation totrodue# Infinitely v&rted ©ang®. 
quences Into the mechanism of chemical reactions, and tSZe we 3 
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Tho ends of tlio tube aro luted to the wide tube, and two tubes, a and 
o', aro Inserted into tho ends, as shown in tho drawing. With this 
arrangomont it is possible for a gas to pass into tho annular space bo* 
twoon tho walls of tho two tubes, from whence it can bo collected. 
Steam from a retort or flask is passed through tho tubo r>, into tho 
inner porous tube t. This stoara on entering tho rod*hot apaoo is do* 
composed into hydrogen and oxygon. Tho densities of those gases aro 
very different, hydrogen being sixtoon timoa lighter than oxygon. 
Light gases, as we saw above, penetrate through porous surfaces very 
much movo rapidly than denser gases, and therefore tho hydrogen 
passes through tho pores of tho tube into tho annular space very much 
more rapidly than the oxygon. Tho hydrogon which separates out into 
the annular space can only be oolleoted when this space does not 
oontain any oxygon. If any air remains in this space, then tho hydro- 
gon which separates out will combine with its oxygen and form water. 
For this reason a gas incapable of supporting combustion— for instance, 
nitrogen or carbonic anhydride— is previously passed into the annular 
space. Thus the carbonic anhydride is passed through tho tubo O, and 
tho hydrogen, separated from tho steam, is collected through the tubo o', 
and will bo partly mixed with carbonic anhydride. A certain portion 
of tho carbonic anhydride will penetrate through tho pores of the un- 
glazed tube into tho interior of tho tube t. Tho oxygen will remain 
in this tuba, and tho volume of the remaining oxygen will Im half that 
of tho volume of hydrogen which separates out from the annular 
©pact). 01 ’ 1 ® 

Tho decomposition of water is effected much more easily by a 
method of substitution, taking advantage of the affinity of substances 
for the oxygen or the hydrogen of water. If a substance bo added to 

to return to them very often. Wo may add Umt Grove also concluded Unit water wm 
dtsoomiwed id »v white bout, from tho foot that ho obteimutl detonating goo by passing 
•town through a tubo with a who limited strongly by on oloclrio current, luul also by 
pausing steam uver molten oxide of lead, ho obtained, on tho on* band, litharge (*> oxide 
of tewl and oxygiin), and on tlm oilier, metallic lead formed by the action of hydrogen. 

« Si* l'urt of tho oxygon will also i«<nelrate through tho pores of the lute ; but, as was 
aaid before, a much smaller quantity than tho hydrogen, ami an tho density of oxygon la 
sixteen times greater than that of hydrogen, the volume of oxygen which pruwes through 
the porous walls will bo four times less than the volume of hydr«*gen (the quantities of 
passing through porous walls are inversely proportional te Urn aquarw roots of ttei» 
densities). The oxygen which separates out into tlm annular space will combine, ftt ft 
certain fall of temperature, with tlm hydrogen; but aw each volumn of oxygen fttdy 
requires two volume# of hydrogen, whilst at leant four volumes of hydrogen will pass 
tlumugh the poroim walls for every volume of oxygen that psttM, thereto*, part of the 
hydrogen will remain free, and can Ins collected from the annular apace. A corresponding 
quantity of oxygen remaining from the decomposition of tho water can bo collected fee® 
the internal tube. . • - 
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water, which takes op the oxygon and replace* the hydrogen— them we 
shall obtain the latter gas from the water. Thus with wwliuin, water 
gives hydrogen, and with chlorine, which takes up the hydrogen, 
oxygon is obtained. 

Hydrogen is evolved from water by many motels, which are capable 
of forming oxides in air— that is, which art* ca{Mil»lo of burning or com- 
bining with oxygen. The capacity of motels fur combining with 
oxygon, and therefore for decomposing water, or for the evolution of 
hydrogen, is very dissimilar . 7 Among motels, potassium and sodium 
exhibit considerable energy in this respect. The first occurs in potash, 


7 In order to demonstrate the differenco of tte affinity <4 oxygen for different 
elements, it is enough to compare Urn omntmte of IteaU which arenvid*«>d m their enmbb 
nation with 10 ports by weight of oxygen i in the rwa <*f sodium (when Na 4 t) formed, 
or 40 parts of Na combine with 10 parts of oxygen, awrding *'« ll»k»t>.fr) 100,000 eateries 
(or units of heat), are evolved, for hydrogen (when water, I!/), is termed) fSU.tSH) calorie#, 
for Iron (when the oxide FeO Is formed) W,tKk), awl if the oxide IV/f* m formed, 

04.000 calories, for ulna (Slut) is formed) Bft,lXK) eaten®#, f«r toad fwten PM) is formed) 

51.000 calories, for copper (when Cut) I# formed) Bn.000 enterim*. wuJ for nremtry (IlgO 
is formed) 81,000 eslartea. 

These figures wmiuit correspond directly with the megnttudo of Urn affimtte*, tor the 
physical and ranch uni eal aide of the matter (a very different in tin* different mm*, 
Hydrogen Is a gas, and, in combining with oxygen, g» v«t a hijttfd ; wsnswupwntly it tduuige* 
its physical state, and, In doing bo, evolves beat. Put m» awl e»p|** arc ««4uU, amt, 
in combining with oxygen, give solid oxides, The oxygen, pravniuidy a gaa, now p*«»«i 
into a solid or liquid state, and, therefore, also must have given up its store «4 heat in 
forming oxides. As we shall afterwards *«*, ths degree »4 rnutraelnut (artd miuh. 
quently of mechanical work) was different In the different mm«, end tterefnre tins 
figures expressing the boat of combination cannot directly depend <»n the alttoiUim, <<n 
tlio loss of internal energy previously in the etetumts. N«»ertliete»a, lb® figures »tw»ve 
cited correspond, in a certain degree, with the order to which Urn etetneni* aland in 
roapoot to their affinity for oxygen, aa may be seen from the tel that fh® ninreury •■side, 
which evolves the least heat (among the above examples), is the l«s«.i ntehln 1® n*ady 
deoomposod, giving up its oxygen ; whilst wxltuni, the foimathm »4 wh* is a««3,.tn. 

ponied by Ilia greatest evolution of heat, is aide to decompose ait ib® other lank,#. taking 
up their oxygen. In order to generalise th« connection tetwwvn affinity ami Um bv.4«. 
tlon and the absorption of heat, which m nvliteui in its general fmutnrea, and was firmly 
established by the researches of Favre and Ullbertnan (stent t»4<>), ami then «*f Thumwa 
(la Denmark) and Berthelot (la France), many taxmUgat***, eejnwiaily the* tent 
mentioned, established the tote 0/ mmimtrm work. This state* that only those etemiwd 
reactions take place of their own accord to which the greatest amount *4 ntemiml 
(latent, potential) energy l# transformed into heat. Unt, m the Bret ptem, w* are not 
able, judging from what ha# been said atom*, to distinguish that hmi which »wr*wt«mto 
with purely chemical action from Urn stun total of the heat otowrM in » (in the 

calorimeter) 5 in the second place, thorn are evidently nntodtemtml mdM whteh 
prooood under the earn© oireumstancwi as exothermal (oaten terns to tte vapour iff 
sulphur with absorption of beat, whilst to oxygen it svelm teat) 5 »u-4, in tit* third 
place, there are reversible reactions, which when taking pte* to w AimMm ore 4w» 
heat, and when taking place to tee opposite directed atwwb it; and, thereto**, the 
principle of maximum work to Re etenwtery tom is net supported by stow** lint th» 
subject continues to be developed, and will probably kad to a pmi tew, r- q-h m 
thermal chemistry does not at present p^ea*. 
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the second in soda. They are both lighter than water, soft, and easily 
change in air. By bringing one or the other of them in contact with 
water at the ordinary temperature, 8 a quantity of hydrogen, correspond- 
ing with the amount <3f the metal taken, may bo direotly obtained. 
One gram of hydrogen, occupying a volume of 11*16 litroa at 0° and 
760 mm., is evolved from every 39 grams of potassium, or 23 grams of 
sodium. The phenomenon may bo.obsorvod in tho following way : a 
solution of aodium in mercury — or ‘ sodium amalgam,' as it is generally 
called — is poured into a vessel containing water, and owing to its 
weight sinks to the bottom ; the sodium held in the mercury then acta 
on tho water like pure sodium, liberating hydrogen. The mercury doe* 
not act here, and the same amount of ifc as was taken for dissolving tho 
sodium - is obtained in the residue. The hydrogen is evolved gradually 
in the form of bubbles, whioh pass through tho liquid. 

Beyond the hydrogen evolved and a solid substance, which remain® 
in solution (it may be obtained by evaporating the resultant solution) 
no other products are hero obtained. Consequently, from the two sub- 
etancos (wutor and sodium) taken, tho samo number of new substance* 
(hydrogon and tho substance dissolved in water) h&vo boon obtained, 
from which wo may conclude that tho reaction whioh hero takes place 
is a roaotion of double decomposition or of substitution. Tho resultant 
solid is nothing elso but tho so-oallod cauatio soda (sodium hy- 
droxide), whioh Is made up of sodium, oxygon, and half of the hydrogen 
contained in tho water. Therefore, the substitution took place between 
tho hydrogon and the sodium, namely half of the hydrogen in the water 
was replaced by the sodium, and was evolved in a free state. Hence 
the reaction whioh takes place here may be expressed by the equation 

0 H ft piece of metallic sodium bo thrown into water, It floats on it (owing to its light- 
ness), keeps in & state of continual motion (owing to the evolution of hydrogen on 
oil eides), and immediately decomposes the water, evolving hydrogen, which eon bo 
lighted. TIUb experiment may, however, lead to on explosion should the sodium stick to 
the walla of the vessel, and begin to not on tho limited moss of water immediately adjacent 
to it (probably in this case NailO forms with Na, NogO, which acts on tho water, evolving 
muoli hoot and rapidly forming steam), and tho experiment should' therefore bo oarriad 
oil- with caution. Tho decomposition of water by sodium may bn better dtimomttraUxl, 
and with greater safety, in the following manner. Into a glass cylinder filled with mer- 
cury, and immersed in a mercury bath, water is first introduced, which will, owing to it» 
lightness, rise to the top, and titan a piece of sodium wrapped to jiaper is introduced with 
foreep* into the cylinder. The metal rises through the mereary to the surf ace of to® 
water, on whioh St remains, and evolves hydrogen, whioh eoUeotn in tho cylinder, find 
may bo tested after (he experiment has been completed. The safest method of making 
(his experiment is, however, os follows. The sodium (cleaned from toe naphtha to whioh 
it is kept) is either wrapjied to fine copper g mm and held by forceps, or else held to 
forceps at toe end of which a small copper cage is attached, and is then held under 
water, The evolution of hydrogen gom on Qoietiy, and it wav he c ol l e ct e d to » Mi 
Jar laid then lighted. 
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H 2 0 + Na=NaH0+H ; the meaning of this is clear from what lias 
already been said. 9 

Sodium and potassium dot on water at the ordinary temperature. 
Other heavier metals only act on it with a rise of temperature, and 
then not so rapidly or vigorously. Thus magnesium arid calcium only 
liberate hydrogen from water at its boiling point, and zinc and iron 
only a red heat, whilst a whole series of heavy metals, such as copper, 
lead, mercury, silver, gold, and platinum, do not in the least decompose 
water at any temperature, and do not replace its hydrogen. 

From this it is clear that hydrogen may be obtained by the decom* 
position of steam by the action of iron {or zinc) with a rise of. tempera* 
ture. The experiment is conducted in the following manner : pieces 
of iron (filings, nails, &e.), are placed in a porcelain tube, which is thfen 
subjected to a strong heat and steam passed through it. The steam, 

9 This reaction is vigorously exothermal, i.e. it is accompanied by the evolution of 
heat. If a sufficient quantity of water be taken the whole of the sodium hydroxide, NaHO, 
formed is dissolved, and about 42,500 units of heat are evolved per 28 grams of sodium 
token. As 40 grams of sodium hydroxide are produced, and they in dissolving, Judging 
from direct experiment, evolve about 10,000 calories ; therefore, without an exoeBS of 
water, and without the formation of a solution, the reaction would evolve about 82,600 
calories. "We shall afterwards learn that hydrogen contains in its smallest isoloble par- 
ticles Hj and not H, and therefore it follows that the reaction should be written thus — 
®Na+2H 4 0=H 2 +2NaHo, and it then corresponds with an evolution of heat of +65,000 
calories. And as N. N. BeketoS showed that Na^O, or anhydrous oxide of sodium, forms 
the hydrate, or sodium hydroxide (caustic soda), 2NaHO, with water, evolving about 85,500 
calories, therefore the reaction 2Na + H 2 0 = H 3 + Na s 0 corresponds to 29,500 calories. 
This quantity of heat is less than that which is evolved in combining with water, in the 
formation of caustic soda, and therefore it is not to be wondered at that the hydrate, NaHO, 
Is always formed and not the anhydrous substance Na^O. That Buch a conclusion, which 
agrees with facts, is inevitable is also seen from the fact that, according to Beketoff, the 
anhydrous sodium oxide, Na a O, acts directly on hydrogen, with separation of sodium, 
NojO + H=NaHO+Na. This reaction is accompanied by an evolution of heat equal to 
about 8,000 calories, because NojO + HnO gives, as we saw, 86,600 caloriep and Na + H a O 
evolves 82,500 oalories. However, an opposite reaction also takes place — NaHO + Na=> 
NajO + H (both with the aid of heat) — consequently, in this case heat is absorbed. In 
this we see an example of calorimetric calculations and the limited application of the law 
ol maxim um work for the general phenomena of reversible reactions, to which the case 
}nst considered belongs. But it must be remarked that all reversible reactions evolve or 
•bsoxfo but little beat, and the reason of the law of maximum work, not being universal* 
must first of sllbe looked for in the fact that we have no means of separating the heat 
which corresponds with the purely chemical process from the sum total of the heat 
observed, and as the structure of a number of substances is altered by beat and also by 
wutect, we can scarcely hope that the time approaches when such a distinction will bo 
possible. A heated substance, fa point of fact, has no longer the original energy of ite 
atoms— that is, the act of heating not only alters the store of motion of the moleoules 
»mt also of the atoms forming the molecules, fa other words, it makes the beginning of or 
P**j>**s»on for chemical change. From this it must be concluded that thermo-ohemistry, 
or tbe study °f the beat accompanying chemical transformations, cannot be identified 
with chemical mechanics. Thenmwhemic^l data form a part of it, but they alone cannot 


the hydrogen is set free and passes out at the other end of the tube 
togother with undecomposed steam. This method, which is historically 
very significant , 10 is practically inconvenient, as it requires a rather 
high temperature. Further, this reaction, as a reversible one (a red- 
hot mass of iron docomposos a curront of steam, forming oxide and 
hydrogen ; and a mass of oxide of iron, hoatod to rodnoss in a stream 
of hydrogen, forms iron and steam), does not proceod in virtue of tho 
comparatively small difference between tho affinity of, oxygen for iron 
(or zinc) and for hydrogen, but only because the hydrogen escapes, as 
it is formed, in virtue of its elasticity . 11 If the oxygen compounds — 
that is, tho oxides^ — which are obtained from the iron or zinc, bo able 
to pass into solution, then the affinity noting in solution is added, and the 
reaction may become non- reversible, and proceed with comparatively 
much greater facility. 1 ® As the oxides of iron and zino, by themselves 

10 Tho composition of wotor, as wo saw above, was determined by passing steam over 
rod-hot iron ; tho samo method has boon need for making hydrogen for filling balloons. 
An oxido having tho composition FojO* is formed in tho reaction, so that it is expressed 
by tho equation !lI*’o + 4lI a O ■=> FogO* + hi I. 

11 Tho rooetion between iron and water (noto 10) is reversible. By heating tho oxido 
in a current of hydrogen, water and iron are obtained. From, this it follows, from the 
principle of chemical equilibria, that if iron and hydrogen bo taken, and also oxygen, bub 
in such a quantity that it is insufficient for combination with bath substances, than it will 
divide itself between the two j part of it will combine with tho iron and the other part 
with the hydrogen, but a portion of both will remain in an uncombined state. 

Thoroforo, if iron and wator be placed in a closed space, decomposition of the water 
will proceed on heating to the temperature at which the reaction ttFe + 4X1,0 » FogO* + 811 
commences ; but it ceases, does not go on to the end, because tho conditions for a 
reverse reaction are attained, and a state of equilibrium will ensue after the decomposition 
of a certain quantity of wator. Here again (nee noto 0) the reversibility is connected with 
the small heat effect, and again both reactions (direct and reverse) proceed at a red 
heat. But if, in the above-described reaction, the hydrogen escapes as it is evolved, then 
its partial pressure does not increase with its formation, and therefore all the iron eon be 
oxidised by the water. In this we see the elements of that influence of mass to-whiehwo 
shall have occasion to return later. With copper and lead there will be no decomposition, 
either at tho ordinary or at a high temperature, heoause the affinity of these metals for 
oxygon is much loss than that of hydrogen. 

15 In general, if reversible as well as non-rovontible reactions can tako place l m tween 
substances acting on each other, then, judging by our present knowledge, tho non- 
reversible reactions toko place in the majority of cases, which obliges one to acknowledge 
the action, In this case, of comparatively strong affinities. The. reaction, Zii-kHsHO,'* 
H a + HMD*, which takes place in solutions at the ordinary tempomlure, is scarcely re- 
versible under these conditions, but at a certain high temperature it becomes reversible, 
because at thin temperature tuna sulphate and sulphuric acid split up, and the action must 
take place between the wator and sine. From tho preceding pro perni fci on -rtinu Its proceod 
which are in some coses verified by exjwirtraent. If the action of also or Iron on a solu- 
tion of sulphuric! acid presents a non-reveruible reaction, then we may by this mean a 
obtain hydrogen in a very' compressed state, and compressed hydrogen will not act on 
solutions of sulphates of the above-named metals. This is verified in reality as far as wan- 
possible in the experiments to keep np the compression or pressure of the hydrogen^ 
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insoluble in water, arc capable of combining with (have an affinity for) 
acid oxides (as wo shall afterwards fully consider), and form tmlino untl 
soluble substances, with acids, or hydrates having acid proportion, hence 
by the action of such hydrates, or of their aqueous solutions, la iron 
and zinc are able to liberate hydrogen with groat e»u»u at the ordinary 
temperaturo—tliat is, they act on aulutiouH of acids just a« sodium note 
on water.' 4 Sulphuric acid, H a S0 4 , ia usually chowfen for thin purposo • 
the hydrogen is displaced from it by many metals with much greater 
facility than directly from water, and such a di«plao«mtmt is accompanied 
by the evolution of a largo aniouut of heat. 16 When the hydrogen in 

Those metals which do not evolve hydrogen with acid**, on ihr> contrary, should, O i«#k 
at an inoraaxa of pressure, be displaced by hydrogen And (m fact ISrwn*i**r showed that 
gascou# hydrogen diaplacuM platinum and palladium from IU«* a<it!«(»«u solutions ol 
their chlorine compounds, but not gold, and Itefeutoff succeeded in showing that silver 
and meroury, under a oomtidcrahlo pressure, an* aejtamU4 from th« solution# of twiiaio 
of their compounds hy means of hydrogen. Iteactiun already n>m»i»*»r*( under a prem 
euro of Mix atmosphere#, if a weak solution of silver sulphate >.» taken ; wifi* a strongs* 
solution a much greater premium is required, however, f**r the Mparottott «f fen silver. 

W Fur the mm reason, many metal# in acting on solution# *4 the alkali# dtepke* 
hydrogen. Aluminium aete particularly clearly ft* thin r»»p*wt, immtm it# nxlde give# a 
Bolubk compound with alkalis. For the (same reason tin, ft* artlng on bjdnmhksrto acid* 
evolve# hydrogen, and silicon doe# the same with hydrofluoric mud. It I# evident that 
in such caves the sum of #11 the affinities plays a part ; for Instants#, taking the aetton «t 
nine on sulphuric acid, wc have the affinity of mine for oxygen (forming #liw oxide, Eo O), 
the affinity of its oxide for sulphur!** anhydride, BO s (terming sine sulphate, StaBCiJ, and 
Ore affinity of the ratmltent salt, StoBO*, for water, It is only the first- warm**! affinity that 
sots In the reaction between water and the metal, if no account i« take,** of U*»*» fmvsw 
(of a physloo- mechanical character) which act Itetwnum tin* molecules (ter Instance, the 
Cohesion between the molecules of the oxide) and Item# f«rw* {*4 a chemical character) 
which act between the atoms forming tha nmlecute, for Instance, between Uw atom# of 
hydrogen giving the molecule H 9 containing two atoms*. 1 aotumlwr it useeeaary to 
remark, Umt the hypothesis of the affinity or endeavour of beterogem«*o« aUana to »«te* 
into ft common system and In harmonious mutton {♦,#, k* form a Mmp>mml motetsate) 
must inevitably bo in accordance with Urn hypothesis «4 tort*# tori tiding hnmugtmMWMt; 
atoms to form complex molecules (for instance, ll a ). and to build up tin* latter ink* i*4i4 
or liquid substanoo#, in Which the exlsUmwi of an attraction between the hnmogewotw 
particles must certainly be admitted. Therefore, Okmo terns wind* bring about wduttea 
must also he taken Into oonridaralton. Those aro ail faremi *4 cm and tt»*» wm* swtea, 
and in tills may be sew the great dlMmdtte# aarroumUng the study t4 moWak w mmfamkm 
and it# province— chemical mechanic#. 

M Xt 1# acknowledged tluit rine itself act# on water, own at Urn ordinary temperature, 
bnt that the action is confined to email m*M*«a and only proewada at the Mtrfac*. <u 
Wftllty, einc, hi the form of a very fine powder, or wreolted .* «rf*» d«#V 1# eapobte of 
decomposing water with the formation of oxide (hydrated) «d byd«i«««, The reside 
formed acts <m sulphuric acid, water then diseolvw the wait ptodoeed, aad the actk*t 
Continuos bscatfse one of the products of tbs action trf water on aln#» vine mtida i# wttowvedi 
from the surface. One might naturally imagine that tfe m km'km'U iZm& 
directly between the motel and water, but between the nictat ami the euuil, but miefa a 
simple representation, which wc shall cite afterwards, hklu*i ih# mocbunlmii of the r#autksa, 
and does not permit of it# aetnal complexity being seen. 

Aooerdlng to Thomson the reaction between vine and a very w#ak odutten of 
mdphurio acid evolves about 88,000 eateries (sine sulphate Mpg tawed) %m W parta 


eulphurlo acid is replaced by a metal, a substance is obtained which is 
called a salt of sulphurio acid or a sulphate. Thus, by the action of zino 
on sulphurio acid, hydrogen and zino sulphate ZnSO^, ,0bIa are obtained. 
The latter is a solid substance, soluble in water. In order that the 
action of the metal oh the acid should go on regularly, and to the end 
it is necessary that the aoid should be diluted with water, which dis* 
solves, the salt as it is formed ; othorwiso the salt covers tho metal, 
and hinders tho acid from attacking it. Usually tho acid is diluted 
with from three to five times ‘its volume of water, and tho metal is 



Fid. 20.— Apparatus for tho preparation of hydrogen from xino and sulphurio nold. 


covered with this solution. In ordor that tho metal should act 
rapidly on tho aoid, it should present a largo surface, so that a maxi- 
mum amount of the reaotlng substanoes may oomo into contact in a 
given time. For this purpose the zino is used as strips of sheet zino, 
or in the granulated form (that is, *ino which has been poured from at 
certain height, in a molten state, into water). The iron should bo ia 
tho form of wire, nails, filings, or cuttings. 

by .Weight of seine; and 5(1 parta by weight of Iron— which combine, liko (55 parts by 
weight of tine, with 10 pnrtu b'y weight of oxygon— evolve about 35, (HID cnloriui (forming 
ferrous uulplmto, fttiHO,,). Purnooleun observed tho action of motahi on acids in tho 
aovonUwnth etmtury ; hut it was not until tho eighteenth century that I. emery determined 
that tho gas which lit evolved In this action is a particular one which differs from air 
and I# oapablo of burning, ft von Ilnylo eon funed It with air. Cavendish determined tho 
chief proportion of the gas discovered by Paracelsus. At fln>l it wan called ' Inftammablo 
air ' ; later, when it was recognised that in burning it gives water, it was called hydrogen, 
from the Greek words) for water and generator. 

18 tu if, when tho sulphuric aoid la poured over the Kino, the evolution of the liydrogoa 
proceed too slowly, it may Ikj greatly accelerated by adding a email quantity of a solution 
of 0u80* or PtC)^ to tho odd. The moon of this i* explained In Chap, XVI, note 10»H 
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Tho usual method of obtaining hydrogen iu m follow* A oortoitt 
•quantity of granulated zinc k put into a double necked, or Woulf«\ 
bottle Into one neck a funnel is placed, reaching to tho bottom of 
tho bottlo, so that tho liquid poured in may prevent tho hydrogtm from 
escaping through it. Tho ga« escapes through a »tp«*cial giu-cundaoting 
tube, whioh is firmly fixed, by a cork, into tho other neck, and emlit la 
a water bath (fig. 20), under the orifice of a glaw* cylinder full of 
wator. 10 If sulphuric add be now poured into tho WmdtVn bottle it 
■will soon bo sbon that bubbles of tv gas are evolved, which is hydrogen. 
Tho first part of the gun evolved should not 1m collected, as it is 
mixed with the air originally iu the apparatus. This precaution 
.should ho token in the preparation of all g mm. Time must l«* allowed 

18 As laboratory experiments with g»»mi re<(Uir» a certain preliminary km>*sl*«lg«, w« 
will desorika certain practical method* firr the coUectum ttml prtpartttum t,f g,um. 
■When In laboratory practice an intermittent supply of hydrogen |»*r other gw which »» 
«rolvod wlthottt tho aid at heat) is repaired tho apparatus represented in rig. HI »« tin* 
most convenient. It aanxiita of two battles, having orifices at th*» bottom. in which 
<torks with tubes arc placed, and thaw tubas an eaanMtwi by an India rubber tab# 
(sometimes furnished with a spring damp). Elms is ptawtl in one bottle, awl dilute i.ttb 
3 >hurie add In the other The neck of the farmer U closed by a n«k, which is fitted with 



Fro. 31. - A very convenient apparattu tor the wamites t4 vmhs ebwtawl »»M twwt. 

It may sue tiptoes m wndmfcr or nuewaMr. 

«, goa»oonduetui« tube Wlfeh a (ttopoek If the two fcettlM we rnmneew*! with mtsit' 
•other and the stopcock be opened, the acid wBl ftow to As sine and »v»lv« hydrogen. 
II the stopcock be closed, the hydrops* will force out the at** from the Wttto mtdmtong 
ike zinc, and tho action will cease. Or tho vessel oontadnlni the «44 may he pta»4 at 
a lower level than that containing the mine, when all the liquid will flow into it. and in 
(•order to start the action the add vmm] may be placed wi a higher tow! than the otter, 
sand the odd will flow to the sine. It can also be employed ter pw« {«« m 

.aspirator or gasometer). 

In laboratory practice, however, other forma of apparatus am §»***% anptoywl fa* 
«xhauatlag, ooHeoting, and holding gates. We will hen rite the matt mmal term*. An 
<upimtor usually oonsista of a vessel famished with a etopew* at the bottom. A sfentt 
t «ork, through which a glass tube passes, is fixed Into the rush df this weed. If the 
vessel be filled up with water to the cork and the bottom stopcock is opened^ q-n the 


THE COMPOSITION OF WATER, HYDROGEN 1547 

for the gag evolved to displace all the air from the apparatus, otherwise 
in testing the combustibility of the* hydrogen an explosion may occur 

■water will run out and draw gas in. For this purposo tho glass tube is connected with 
the apparatus from which it is desired to pump out or exhaust the gas. 

The aspirator roproBontod in fig, 22 may ho recommended for itB continuous 
action. It consists of' a tubo d which wldons out at tho top, tho lowor pArt being long 
and narrow. In tho expanded upper portion o, two tubos aro soalod } ouo, o, for drawing 
In tho gap, whiM tho othor, 6, is connected to tho wator supply' w. Tho amount of wator 
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Flo, SS.—OonUnuous aspirator. Tim tubo <t should be more than 32 feet loug. 

•applied through the tubo 5 must be less than the amount whloh can bo carried off by 
the tubo cl Owing to this the water in the tube d will flow through it in oyllndew 
alternating with cylinders of gas, which will be thus carried away. Tho gun which fs drawn 
through may be collected from the mid of the tube d, but this form of pomp is usually 
employed whore tho air or gas aspirated is not to be collected. If the tube A is of con- 
siderablo length, say 40 ft. or more, a very fair vacuum will be produced, the amount of 
which is shown by the gauge y ; it Is often used for filtering under roduood premure, ae 
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from the formation of detonating gas (tho mixture of the oxygen of tho 
air with tho hydrogen ). 17 

shown In tha figure. II water ba replaced by mercury, and the length of the tub# d Ihi 
greater than 760 mm., tha aspirator may he employed wt an air-pump, ami all the air 
may bo exhausted from a limited space ; for Instance, l«y connecting g with a hollow 
sphere. 

GmMdm are often used lot collecting and holding gawes. They are made of glass, 
copper, or tin plate. The usual farm is shown in fig. '.hi, Thu lower v easel H in made 
hermetically tight— i.e., impervious to gases— and is filled with water. A funnel is 
attached to thin vessel (on several supports). Tim vessel U communicate# with the 

bottom of tho funnel l*y a stopcock b and 
a tuba it, reaching to the bottom of tho 
vessel lb If water be poured into the 
tunnel and the utojwoek# *t and h ojwtved, 
the water will run through «, and the air 
eecajHi from the vassal li by ft. A glass 
tube / run® up the aide of the v eased U, with 
which It coimuunir«U>» at the top and hot* 
U>m, and allows the amount of water and 
gas tlm gaahukter contains. In order to fill 
the gasholder with ft gaa, it is first filled 
with water, tho cocks A, b and # are ckwed, 
Lite nut d nitee rewed, and the end of the 
tulm conducting the gas front the apparatus 
In which it is generated is passed into d, 
Am the gas fills tin* gasholder, tha water 
runs out at «/, If the pressure **f a g»« \m 
not greater than tin* atm«#ph«rto pre#*ttr« 
and it he required to collect it In the ga»> 
bolder, then the stopowok ** is put into 
eomumiitmUon with the apace containing 
the gas. Then, having opened the orifiw 
d, tho gftahotder acta like an Mptmtor * tha 
go* will pans through *, and the water run 
out at if. If the cocks he closed, the g#a 
Collected in the gasholder may be easily 
j«rc#*t red and transported. If it be desired 
to transfer this pm into another vessel, 
than a gas-oonduoUng tube la attached to t, the cock « opened, fi and d closed, and the 
gas will then puns out at <s, owing to its {treasure) in the apparatus being greater toon to# 
atmospherio prsuntt, due to the preseuro o( tho water poured into the fuwml . If it 
be required to fill a cylinder or flank with tha gas, it fa filled with water and lu varied in 
the funnel, wad toe stopcocks & and a opened. Than water will ran through a, and tin* 
gee will eseape from the gasholder into the eylimtor thwufh b, 

17 'When it is required to*pt«pawi hydrogen In large quantittoa for filling bolkwns, 
copper vessels or wooden casks lined with lead are employed ; they am filled with e< rap 
iron, over which dilute sulphuric acid is poured. The hydrogen generated from », number 
of casks Is carried through lead pipes Into special casks containing water (in order to c«d 
toe gas) and lime (in order to remove add fum»). To avoid h*» of g« all to# front* am 
made hermetically tight with cement or tar. In order to fill his gfganlta balkxwt (of 
SB, 000 oubio metres capacity), Gifford, In 1878, conn traded a ewnjdteoted apjwatttw for 
giving a continuous supply of hydrogen, to which a mixture of sulphur!# wM and water 
was continually run into vessels containing Iren, and from which tha wtotion of trim 
sulphate, formed was continually drawn off. When coal pa, Minuted firms eosJ, to 
employed for fllltag balloons, it should be as tight, or as rich to hydrepw, a# (mmibka. 
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Hydrogen, besides being contained in water, is also contained in 
many other substances, 19 and may be obtained from them. As examples 
of this, it may be mentioned (1) that a mixture of formate of sodium, 
CHNa0 2 , and caustic soda, NaHO, when heated to redness, forms 
sodium carbonate, Na 3 C0 3 , and hydrogen, H 3 ; 10 (2) that a number of 
organio substances aro decomposed at a red heat, forming hydrogen, 
among other gases, and thus it is that hydrogen is contained inordinary 
coal gas. 

Charcoal itself liberates hydrogen from steam at a high tempera- 
turo ; 20 but the reaction which hero takes place is distinguished by a 
certain complexity, and will therefore be considered later. 

The properties qf hydrogen. — Hydrogen presents us with an example 
of a gas whioh at first sight does not differ from air. It is not sur- 
prising, therefore, that Paracelsus, having discovered that an a (inform 
substance is obtained by the action of metals on sulphuric acid, did not 
dotermino exactly its difference from air. In fact, hydrogen, like air, is 

For thin reason, only tlio last portions of tho gnu coming from tho retorts two collected, 
Und, besides thin, it Is then sometimes passed through red-hot vessels, in order to 
decompose tho hydrocarbons as much as possible j charcoal iH deposited in tho rod-hot 
vessels, and hydrogen remains as gas. Coal gas may ho yet further enriched In hydro- 
gen, and consequently rendered lighter, by passing it over an ignited mixture of charcoal 
and lime. 

L. Mend (London) proposes to manufacture hydrogen on a largo soalo from water gaB 
(#M infra, and Chapters VIII. and IX.), which contains a mixture o\ oxide of carbon (CO) 
and hydrogen, and Is produced by tho notion of steam upon incandescent ooko (0 + H a 0 
«CO + H a ). He destroys the oxide of oarbon by converting it into carbon and oarboulo 
anhydride (200 ■> 0 + GOg), whioh is easily dene by means of incandescent, finely-divided 
metallic nickel i the oarbon then remains with the nickel, from which it may bo removed 
by burning it in air, and the nickel oan then bo used over again (sea Chapter IX., Note 
24 bis). The QO fl formed is removed from the hydrogen bypassing it through milk of 
lime. This process should apparently give hydrogen on a large scale more economically 
than any of the methods hitherto proposed. 

18 Of the metajs, only a very few combine with hydrogen (for example, sodium), 
and give substances which are easily decomposed. Of the non-metals, tho halogen# 
(fluorine, chlorine, bromine, and iodine) most easily form hydrogen oompounds ( of these 
tho hydrogen, compound of chlorine, and still moro that of fluorine, is stable, whilst 
thoso of bromino aud iodine arc easily decomposed, especially tho latter. Tho other 
non-metals— for instance, sulphur, oarbon, and phosphorus— -give hydrogen compound* 
of different composition and properties, but they aro all less stable than water, Tho 
number of the carbon compounds of hydrogen is enormous, but there aro very few 
among them which are not decomposed, with separation of tho carbon and hydrogen, at 
a red heat. 

,s The reaction expressed by tho equation ONaHOj+NallO^CNa^Oj+Hamay be 
effected in a glass vessel, like tho decomposition of copper carbonate or mercury oxide 
{aeo Introduction) j it is non-rovorsible, and takes place without the presence of water, 
end therefore Pictet (sea later) made use of it to obtain hydrogen under great pressure. 

10 The reaction between charcoal and superheated steam is a double one — that 1% 
there may bo formed either carbonic oxide, CO (according to the equation SfO 4-0 
®>Hs + CO), or oarboulo anhydride COj (according to the equation SH 9 O + 0® iaHa+GOj), 
and the resulting mixture is called wafer-gas j we shall speak of it in Cliapter IX 
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colourless, and has no smell ; 9 ' lmfc a more intimate acquaintance with 
its properties proves it to ho entirely ditlVrent from air. The first sign 
which distinguishes hydrogen from air is its emulmstihility. This 
property is so easily observed that it is the one to whivh rocoumn is 
usually had in ordtsr to roeogniao hydrogen, if it ia evolved in a re- 
action, although there are many other combustible gases. Hut before 
speaking of the combustibility and other chemical properties of hydro* 
gon, wo will first describe the physical properties of this gas, as wo 
did in Urn caso of water. It is easy to show that it is one of Urn 
lightest gases . 22 If passed into the bottom of a flask full of air* 
hydrogen will not remain in it, hut, owing to its lightness, rapidly 
escapes and mixes with the atmosphere. If, however, a n Under whore 
orifice is turned downwards he filled with hydrogen, it, will not e.w ape, 
or, more correctly, it will only slowly mix with the atmosphere. This 
may be demonstrated by the fact that a lighted taper seta fire to the 
hydrogen at the orifice of the cylinder, and is itself extinguished inside 
tho cylinder. Hence, hydrogen, being itself eoudmitible, does nut 
support combustion. The great lightness of hydrogen is taken advan- 
tage of for balloons. Ordinary coal gw, which is often alau used for 
the same purpose, is only about twice as light tut air, whilst hydrogen is 


,l Hydrogen obtained by the action of nine or inn, on Kuiphurto a* “t g*»n««raHy MtudU 
of hydrogen sulphide (like rotten egg*), which it con lain x in admix tare. Ax a (ol« sinh 
hydrogen ia not at) pure an that obtained by the action of art nWtrie current «»r of aodrara 
on water. The Impurity of the hydrogen depends on the impurities mnuined in the 
lino, or Iron, and sulphuric acid, and on secondary reactions which lake pUce stmub 
taneously with tho main reaction. Impure hydr«»gtn may be sandy fre*d fn*m the 
Impurities it contains : some of theta-” namely, those having and rl» * at e absorbed 

•by caustic soda, and therefore may lie removed by pawing the hydrogen through a «du» 
tion of this substance; another aeries of impurities Is absorbed by a «AnSi«*« of nmreurtn 
chloride j and, lastly, a third series is absorbed by a solution of puUnaittet {mmangmnata. 
If absolutely pure hydrogen ho required, it is sometime* obtained by lb» d«w**w»p.,»iii,»*i 
of water (previously boiled to expel all air, and mixed with pure mdphurw iuid) by tint 
galvanic current. Only the gut evolved at the negative tlwUmln is mUeetad. Or eba, 
an apparatus like that which gives detonating gas is used, the pwiUve eh . t».«bi, however, 
being immersed under moratory containing sine in solution, The oxygen which is evolved 
at this electrode then immediately, at the moment of its imdution, mmildnes with the 
sino, and. this compound dissolves in the sulphuric acid ami forms Mm sulphate, whbh 
remains to solution, and therefore the hydrogen generated will he quite free from oxygen, 
» An inverted beaker l« attached to one am of the beam of a tolerably wtwitive 
balance, and Its weight counterpoised by weights k the pan attached to the otter aw, 
If the beaker be then filled with hydrogen it rtoa, owing to lira air being replaced by 
hydrogen. Thus, atthe ordinary temperature of a mom, a Utre of air weighs about I f 
gram, and on replacing the air by hydrogen a decrease in weight of about 1 gram per 

M ° 9(1 V d i! 0 ® #B Ifl lmvkr dry-to wjurnHW vapour la »to* time# 
heavier than hydrogen. In fiUlng balloons It is usually caUmktod that (it fetin' impm, 

S ary hyd f°8 on or to ebtftiR I* fiaito fee® from air) ite lifting Um» 

to l th * WftlKhU (>t ot hydrogen and air to equal 

to 1 kilogram (® 1,000 grams) per cubic metre (a 1,000 litres). 
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14| times lighter than air. A very simple experiment with soap 
bubbles very well illustrates the application of hydrogen for filling 
balloons. Charles, of Paris, showed the lightness of hydrogen in this 
way, and constructed a balloon filled with hydrogen almost simul- 
taneously with Montgolfier. One litre of pure and dry hydrogen 23 at 


The donaifcy of liydrogon In relation to tho air hat) boon repeatedly dotormined by 
accurate experiments. Tho first determination, made by Lavoisior, was not very exact-; 
talcing tho density of air as unity, ho obtained 0-0700 for that of hydrogen— that is, 
hydrogen as thirteen times lighter than air. More aoourato determinations are due to 
Thomson, who obtained tho figuro 0-0008 ; Berzelius and Dulong, who obtained 0-0088 ; 
and Dumas and Boussingault, who obtained 0-00945. „Regnault, and more recently Le 
Duo (1892), took two spheres of considerable capacity, which containod equal volumes of 
air (thus avoiding tho nooossity of any correction for weighing them in air). Both spheres 
were attaohod to tho scale pans of a balanoo. Ono was soaled up, and the other first 
weighed empty and then full of hydrogen. Thus, knowing the weight of tho hydrogen 
filling the sphere, and the capacity of the sphore, it was easy to find tho weight of a litre 
of hydrogen; and, knowing the weight of a litre of air at .the same tomperaturo and 
pressure, it was easy to calculate the density of hydrogen. Regnault, by theso experi- 
ments, found tho average donsity of hydrogen to be .0-06926 in relation to air ; Do Duo, 
0-00948 (with a possiblo error of iO-0OQOl), and tbis.latter figure must now be looked upon 
ae near to tho truth, 

lu this work I shall always rofor tho densities of all gases to hydrogen, and not 
to air ; I will therefore give, for the sake of clearness, tho woight of a litre of dry pure 
hydrogen in grams at a tornporaturo t° and under a prossuvo II (measured in millimetres 
of moroury at 0°, Ln lat. 45“). Tho woight of a litro of hydrogon 


« 0-08080 x 


II ___ 1 

700 1 + 0*00807 f 


gram. 


For aeronauts it is very useful to know, begidos this, the woight of tho air at different 
heights, and I tlwrofore Insert tho adjoining tablo, constructed on tho basis of Glaisbor's 
data, for tho temperature and moisturo of the atmospheric strata in dear weather. All 
ihe figures aTo given in tho metrical system — 1,000 millimetres »80'87 inches, 1,000 kilo- 
grams “■2204-8876 lbs,, 1,000 oubic metres® 85,810-0 cubic feet. The starting tomperaturo 
Qt the earth’s surface Is taken as «15° O., its moisture 00 p.o., pressure 700 millimetres. 
Tlie pressures are taken as indicated by an aneroid barometer, assumed bo bo corrected 
at the sea level and at lat. 46°t If the height above the level of jib© sea equal * kilo- 
metres, then the weight of 1 oubio metre of air may be approximately taken as V222- 
0-.l2*t + 0-008 77c* kilogram 



Although the figures in this tablo are calculated with every possible cate from average 
data, yet they can only bo token approximately, for in every separate case the condition* 
both at the earth's surface and ln the atmosphere, will differ £yom those here taken. In 









romarkable properties which it *how» ; thus, hydrogen pa-we exceed. 




compressibility and co-efficient of expansion than they should *u*eortl. 
ipg to the laws of Marietta ami Gay-Luauno ; whilst hydrogen, on 
the contrary, is compressed to a less degree than it should be from 
the law of Marietta, 9 ' and with a rise of pressure it expands slightly 

calculating the height to which a Imlloon can nwmnt, it i» evident that th*» density of g*» 
la relation to air must be known. Title denally for ordinary tr«md g&» t« front 0 B to tt 88, 
anti for hydrogen with its ordinary eontwnta of innisture owd »tr fr«»m » l b< » IS 

Hence, for instance, it may be calculated that a fwlloon of l,twi cubic moire 1 * capacity 
filled with pure hydrogen, and weighing (the envelope, tackle, people, and halket) 7547 
kilograms, will only ascend to a height of about 4,sb*u> metres 

M If a cracked flask bn filled with hydrogen ami it# neck Immereed under water tar 
mercury, then, the liquid will rise up Into the (both, owing t« the hy>h,<g«ii pawing 
through the cracks about 8*8 times quicker than the air is able t«» p*»« through th vm 
ctackft Into the flask. The same phenomenon may h« Mt*»r obsert wl if, instead of « fk#k, 
u> tuba be employed, whose end la closed by a poroua substance, unit m graphite, ungkwd 
earthenware, or a gypsum plate. 

** According to Boyle and Mariotle'a kw, for a given gas at a renal* nt temperature 
the volume decreases by a* many Uratmas the pressure l»rre**#a . that i«, tin® kv* requlrea 
that the product of the volume « and the pwnnmre /» for a given gas should tm « constant 
quantity: pumO, a constant quantity which d<nnt not vary with a rhangw preaaure. 
This equation does very nearly and exactly txpree* th# obaerved relation between tho 
volume and pressure, but only within comparatively email variation* of pre»«»r*>, density, 
and, volume. If these variations be in arty degree considerable, the quantity pt> prove# 
to be dependent on the pressure, and It either increases or diminishes with »» increase 
of pressure, In the former ease Urn compressibility i« lens than ft ate mid be according 
to Marlolto's kw, In the letter ease it is greeter. We will call the ftrat «**» a p>.#iiive 
discrepancy (because then ff(ps) '♦/(;») is greater than scrub end the **«.nd case « 
negative discrepancy (because then /,/( p) k km than mm). iVtarwinaimne made 
by myeelf (In the seventies), M< L, Kirpieheff, and V. A. Hemitiau showed that alt known 
gases at low pressure*--!,#. when considerably rar»ft#d*~^#**nt poallive diewpawdw., 
On the other hand, It appears from the Oaitktal, Nattaw, and Amount that 

all gooes under great premium (when the volume obtained is ewM.mwi time* !«•».» than 
unde* the atmoeplurrie pwwra) also pram! positive dkesreparmbm Vhm under # pms 
sure of 8,700 atmospheres atr la compressed, nut 1,700 time*, hut only mu, and hydrin 
1,000 time*. Hence the positive kind of discrepancy is, m i» wty, normal In gw***. And 
this la easily Intelligible, If a gw, followed Marietta'# kw, w (f It w«w rrmtprvoMul l«* a 
greater extent than Ih shown by this law, then under greet pM#*urt»i it w<»»M attain » 
density greater than that of solid and liquid eubetuteee, which k In itself Improbable »»t4 
even impossible by reason of the foot that solid and liquid &ob#ten*« m» timnwrive* hut 
little oomprcBsible. cor Instance, a cubic oenttmatra of mtygen at tr and wwh*t th« at« 
mospherlc pressure weighs about 0*0014 gram, and at a pfawnr# of »,»» atmmphiww# 
(th s pressuro Is attained in guns) It would, If it followed MufeUrt kw, weigh 4 « pm 
-■tbat is, would be about four times heavier than wakr-*an4 rt a prM»t»r*frf UMWO 
atmospheres it would be heavier than mercury Beside* thk, puefttv* di*r#m»ww*» are 
probable because the molecules of a gas themselves must oZ 

tWerlng that MerloUe'skw, strictly speaking eppUeeimly to the kterwek^ttkr spems, wo 
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tesa than at the atmospherio pressure . 80 However, hydrogen, like 
air and many other gases whioh are permanent at the ordinary tern- 

can understand the necessity of positive discrepancies. If wo designate the volume of the 
molcoules of a gas by b (like van der Waals, eee Chap, I., Note 81), then it must beexpeatedl 
tbatjj (v-b)*»C Hence pu - 0+ 6p, which expresses a positive discrepancy. Supposing 
that for hydrogen pv «* 1,006, at a pressure of one metro of mercury, according to the results 
of Regnault's, Amagat’s, and Nattoror’p experiments, wo obtain 6 as.approximatoly 0-7 to 0*9. 

Thus tho inoroaso of jpv with tho increase of pi'ossuro mlrst bo considorod as the 
normal law of tho compressibility of gases. Hydrogon prosonts such a positlvo oomproe 
sibility at all prossuros, for It presenta positive disorepanoies from Mariotto’B law, accord* 
ing to Rognault, at all pressures above the atmospheric pressure. Hence hydrogen iB, 
bo to say, a perfect gas. No other'gas behaves so simply with a ohange of pressure. All 
other gases at pressures from 1 to 80 atmospheres present negative disorepanoies— that 
1 b, they are then compressed to a greater degree than should follow from Marietta's law, 
as was shown by the determinations of Regnault, whlob wore verified when repeated by 
myself and Bogutsky. Thus, for example, on changing tho pressure from i to 20 metres 
of mercury— that is, on Increasing the pressure five times— tho volumo only decreased 
4*08 times when hydrogen was taken, and 5*00 when air waB taken. 

Tho positive disorepanoies from the law at low pressures are of particular Interest, 
and, according to tho abovo-montionod determinations made by myself, Kirpichefl, 
and Homilian, and verified (by two methods) by K. D. Kraevitoh and Prof. Ramsay 
(London, lHOti), they are propor to all gases (oven to thoso whioh are easily compressed 
Into a liquid stuto, such tut carbonic and sulphurous anhydrides). Thoso discrepancies 
approach tho case of a very high rarefaotion of gases, where a gas is near to a condition of 
maximum dispersion of its molecules, and perhaps presents a passage towards tho sub- 
stanoo termed ‘ luminiforous othor ' which fills up interplanetary and interstellar spaoo. 
If wo suppose that gasos aro rarofiablo to a doflnito limit only, having attained whioh 
thoy (like solids) do not alter In volume with a dooroaso of pressure, then on' tho ono 
hand tho passage of tho atmosphoro at its upper limits into a homogeneous ethereal 
medium becomes oomprohonsiblo, and on the othor hand it would bo expected that gases 
would, In a state of high rarefaotion (i.e. when small masses of gases oooupy largo 
volumes, or when furthest removed from q. liquid state), present positive disorepanoies 
from Boyle and Marietta's law. Our prosont acquaintance with this province of highly 
rarefied gases is very limited (beoauso direot measurements arc exceedingly difficult to 
make, and aro hampered by possible errors of experiment, which may be considerable), 
and its further development promises to elucidate much in respect to natural phenomena. 
To the three states of matter (solid, liquid, and gaseous) it is evident a fourth must yet 
bo added, the ethereal or ultra- gaseous (as Crookes proposed), understanding by this, 
matter in its highest possiblo state of rarefaotion. 

*« The law of Gay-Lussac states that all gases in all conditions present ono coefficient 
of expansion 0*00807 *, that is, when • heated from 0° to 100° thoy expand Ificc air , 
namely, a thousand volumes of a gftB measured at 0° will oooupy 1807 volumes at 100° 
Rognault, about ItiflO, showed that Gay-Lussno’s law is not entirely correct, and that 
different gases, and also one and the same gas at different pressures, havo not quite the 
same oooffldontH of expansion. Thus the expansion of air between 0° and 100° is 0*807 
under tho ordinary pressure of ono atmosphere, and at three atmospheres it is 0*871, tho 
expansion of hydrogen is 0*800, and of carbonic anhydride 0*87. Regnault, however, did 
not directly determine the change of volumo between 0° and 100°, but measured the 
variation of tension with tho change of temperature; but since gases do not entirely 
follow Marlotte's law, tho change of volume cannot bo directly judged by the variation 
of tension. Tho Investigations carried on by myself and Kayander, about 1870, sliowed- 
the variation of volumo on heating from 0° to 100° under a constant pressure. These 
investigations confirmed Rognault’s conclusion that Gay-Lussac's law is not entirely 
correct, and further showed (1) that the expansion per volume from 0° to 100° under a 
pressure of one atmosphere, for air - 0*868, for hydrdgen ■ 0*887, for carbonic anhydride 
m 0*878, for hydrogen bromide ■» 0*880, dec*, (2) that for gases which are more corapw*- 
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peraturo, does not pass into a liquid atato under a very conatdomblo 
pressure , 87 but is compressed into a lessor volume than -would follow 


eiblo than should fallow from Martelto’# law the esqmnwon by heal inereanefi with the 
prossuru—for example, for air at a pressure of three anti a half alniiwphere*, it equals 
0-871, for carbonic anhydride at ono atmosphere it Equate ti s’fti, at three atmospheres 
0'1180', and at eight atmospheres 0418; (8) that for raw# which »r*> len t r<iriipra*«ihto 
than nliould follow from Mariotte'a law, the expansion by hwl dnrr<mv«>*t with an imireawi of 


praasuro— for example, for hydrogen at one atmanplu-ro 0 807, at eight iitrumphorea t> 8t!0, 
for air at a Quarter of an atmosphere 0-870, at one atmosphere U IW ; and hydrogen like 
air (and all gases) ifl lose compressed at lam /immure * than should follow from Mari, ilia's 
law (see Note 38), lienee, hydrogen, starting from aero to the higlmat prt>»«ur*>», exhibits 
a gradually, although only slightly, varying enafilcirnt of ex pan «<*»«, whilst for air and 
other gases at the atmospheric) and higher prow-uroif, the rot* fib' tent of exputtsten 
Inoroascm with the Increase of pressure, so long ax their rompre»»iUblv »*» greater than 
should follow from Mariutto’s law, Hut when at «m»nleral<l» pre»»uco», this hind of 
discrepancy posses Into the normal (see Not** 88), then the rneflh icnt of expanaten of all 


gases decreases with an Increase of premium, «w i« seen from the r«e»arrhe« of Anmgat, 
Tbo difference between the two coefficients of expansion, for a runoiant premium and for 
a constant volume, is explained by these relations. Thus, for example, for air at a 
pressure of one atmosphere the true coefficient of exjmnnten (Urn v«>him*» varying at eon, 
slant pressure) «(!'Q088W (according to Mendateelt and Kayamler) an*! the variation of 
tension (at a ocuHtaut volume, according to Regnatdl) --(HttiSWt. 

17 Permanent gases are those which cannot be liquefied by an increase of pressor* 
alette. With a vise of temperature, all gases ami vapour* become permanent gaoes. A» 
w,e ah all afterwards learn, carbonic anhydride btwomea a permanent gas »f temperature* 
above 81 s , and at lews* temperature# it ha# a maximum ‘••nukm, and may te» iiqtmfit*d 
by pressure alone. 

The liquefaction of gaum, accomplished by Faraday (ms Amtmmte, Chapter VI ) and 
others, In the Arab half of this century, showed that a numl»ef nf «nt>»t*nrc* am capable, 
like water, of taking till three physical states, and that there i« rm B»»enll«l difference 
between vapours and gases, the only distinction Wing that the W>itmg points (or ilia 
temperature at which the tension *-780 mm,) of liipihW lie shove th<> ordinary temjmim, 
iure, and those of liquefied gases below, and consequently a gas is a »uj*«rhc4ted vajmur, 
or vapour heated above Die boiling point, or removed from saturation, r«mfic<), having 
a lower tension than that maximum which is proper to a given temperature and sub* 
stance. "Wo will here cite the maximum tenxiunt of certain liquids and ga*e* n( mrimi# 
tmperaturee, because they may be taken advantage of for obtaining cmsUnt temper*, 
turee by changing the pressure at which boiling or the formatted of saturated vapours 
takes place. (I may remark that the dependence between tin* tension of the saturated 
vapour# of various subs ton OM and the temperature In very complex, and usually require# 
three or four Independent ewiatante, which vary with the twtom of the wUumm, and 
we found from the dependence of tee tension p on tee temperature t given by *>xp*rb 
psent; but in 1808 1C, D, Kroevitoh showed that this dependence k determined by the 
IpropertlM of ft substance, mob oe Its density, sjMwifia heat, and latent beat of evapor*. 
lion.) The temperatures (according to the air thermometer) mb placed m the left, and 
*ho tension la mQJlmetm of msreury (at r) cm the right hand rid** »f th« equations, 
Carbon bisulphide, CSj, 0 s £»ia7*f> } W'-lPd-ti; ler *- 4*1 -« j 4tr»«TI; 

•O 0 " 887*1. ChlorobeaKne, OsHsa, 70 S «W'«; M“«l4f*s lOte-Wdn; 

110®** 408-0; 180® 3*548-8; 180 s <3 710 * 0 , Aniline, O s H,N, lW 9 **»tl 7 j Jite* ■ •»<*? tt; 
W «r * B18 ‘ 5 i 180 ° ■ M** 1 Methyl wOkykte, 6*11*0* Ifft* 

• 880-0 ; 800° -*488-4 ; 910® k* 687-5; aao s w710‘8; gS4 s **?7f1J, Mercury, Jig. iteii • _ a tfi a ; 
810 o b> 804'0( 880*^878-74 880®)- 4644; 84O*«*04fre; MP«0M-Ol M&Wtt. Bub 
fhttr, 8 , 805® ®> 800 ; 498® 500; 448®«70O; 4 68® « 800; 4#8®«*W, These fatm (Item* 
possibility ef obtaining constant tempemterei In the vapowrn 
Of boiling liquids by altering the pruseure. We may add the toUbwtog bteltog pteute 
tttdw ft pressure of 760 mm. (aooordlng to tee sir thermometer by and 
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from Mariotte's law . 89 From this it may bo concluded that the abso* 
lute boiling point of hydrogen, and of gases resembling it , 29 lies very 

Griffiths, 1801); aniline, 184°«18; naphthalene, 217° = 94 j benzophonone, 805° =82 | 
moroury, 850° =78; triphenyl-mothano, 858° =44; sulphur, 444° = 58. And melting 
points: tin, 281° >=>68; bismuth, 209° = 22 ; lead, 827° = 89; and zinc, 417° =57. These 
data may be' used lor obtaining a constant temperature and for verifying thermometers, 
Tho samo objoot may bo attained by tho molting points ol certain salts, determined 
according to tho air thormoraotor by V. Moyor and Riddlo (1898) : NaCl, 851° ; NaBr, 
727°; Nal, 650°; KOI, 760°; KBr, 715°; KI, 028°; KjCOj, 1045°; NaaOO,,, 1098°} 
NojBjOt, 878° ; NojSO,i, 848° ; K3SO4, 1078°. Tho tension of liquefied gasos is oxprossod 
in atmospheres. Sulphurous anhydride, S0 3 , — 80° = 0'4; — 20° = 0 , 0; — 10° = 1; 0°«T5; 

+ 10 o ®2'8; 20°»»8'2; C0°«5 > 8. Ammonia, NH Sl -40° = 0'7; ~80°«M; -9O°»T0j 
— 10°=»2 - 8; 0 o = 4 , 2; +10°»0 , 0 ; 20°»8‘4. Carbonic anhydride, C0 3 , — 116° = 0'088 ; 
-60°»1; —70° = 2-1 ; -CO°»8-0; -60°«0'8; -40°«10; -20°«28; 0° = 85; +10° 
=46; 20° *>68. Nitrous oxide, N a O, -125° = 0088 ; ~02°»1; -8O°»T0; 

-fi0°=28T; 0°=»00-lf + 20° = 55-8. Ethylene, C 3 H, t , -140°=0 , 088 ; ~180°=01{ 
-108° = 1} —40° = 18; — 1° = 42. Air, ~191°»1; -158° = 14; -140>=8!). Nitrogen, 
N 3 ,.-208° = 0'08’5; -108° = 1; -100°»14; -140°=82. Tho methods of liquefying 
gases (by prossuro and oold) will bo dosoribod under ammonia, nitrous oxido, sulphurous 
anhydride, and in Jator footnotes. Wo will now turn our attention to tho faot that tho 
evaporation of volatile liquids, under various, and ospeoially undor low, pressures, gives, 
an easy moans for obtaining low temperatures, Thus liquoflod carbonio anhydrido, undor 
tho ordinary prossuro, roduoos tho tomporaturo to —80°, and whon it ovaporatoB in a 
rarefied atmosphere (undor an air-pump) to 25 mm. ( = 0-088 atniosphoro) tho tornpora* 
turo, judging by tho abovo-oltod figuros, falls to -115° (Do war). Even tho evaporation 
of liquids of common oocurranco, undor low prossuroS easily attainable with an air-pump, 
may produco low tomporaturcs, which may be again talcon advantago of for obtaining 
still lovvor tomporaturos. Water boiling In a vacuum bocomos cold, and undor a prossuro 
of loss than 4 - 6 mm. it fraozos, bocauso its tension at 0? is 4'5 mm. A sufficiently low* 
tomporaturo may bo obtained by foroing fine stroams of air tlirough common other, or 
liquid carbon bisulphide, CS 3 , or methyl olilorldo, CHjCl, and othor similar volatilo 
liquids. In tho adjoining table are given, for oortain gases, (1) the number of atmo- 
spheres necessary for their liquefaotion at 15°, and (2) the boiling points of tho resultant , 
•liquids under a.prossuro of 700 mm. 

0,H, N,0 00, ff.S AsH, NEC, H01 CH.0I O.N. 80, 

(1) 49 81 59 10 8 1 28 4 4 3 

(9) -109° -09° -80° -74° -88° -88° -85° -24° -21° -10° 

sa Nattaror'a determinations (1851-3854), together with Amagat's results (1880-1888), 
chow that tho oomprossibility of hydrogen, under high pressures, may bo expressed by 


tho following figuros 
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Whore p » tho prossuro in mottos of moroury, v <* tho volume, if tho volume taken under 
a pressure of 1 metre « 1, and s the weight of a litro of hydrogen at 20° in grams. If 
hydrogen followed Mariotte's law, then under a prossuro of 2,500 mottos, one litre would 
contain not 85, hut 965 grams. It is evident from tho above figures that the weight 0* 
a litre of the gas approaches a limit as tho pronBuro increases, which is doubtless the 
density of the gas whon liquefied, and therefore tho weight of a litre of liquid hydrogoft 
will probably bo near 100 grams (density about 01, being less than that of all other 
liquids). 

» Gftgniard do Latour, on heating ethor in a closed tube to about 100°, observed that 
at this temperature the liquid is transformed into vapour occupying tho original volume— 
that is, having the same density as tho liquid. The further investigations mode by Drion 
and myself showed that, every liquid has such an absolute boilwg point, above which, 
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much below the ordinary tempo rata re ; that is, that the liquefaction of 

it c&nnot exist an ft liquid and in transformed into a dense go#, In order to grasp the true 
signification of this absolute ladling temperature, tl uui»t he remembered that this liquid 
state in characterised by a cohesion of tt« particles which doe* n«t exist in vapour* and 
gases, The criterion of liquids is expressed in their capillary phenomena Him hreaktt 
In a. column of liquid, drop formation, and rise In capillary tube*, Ac ), and the product of 
the tensity of ft liquid into the bright to which It tmn in a capillary tulm (»f » definite 
diameter) may serve as the measure of the magnitude of cohesion Thus, to a tube of 
1 mm. diameter, water at 18” nee* (the bright lasing corrected for the meniscus) u h mm., 
and ether at 1° to a height 8 '88 • ■ Q’tHttl (" mm Tim cohesion of a liquid is lessened by 
heating, and therefore the capillary heights are also diminished It h»« been shown 
by «]K*riumnt that this decrement m proportional to the temperatnre, and hence by the 
aid of capillary observation* we are able to form an idea that at a certain rise of 
temperature dm cohesion may become ►*<!. For ether, according to the «l«iv« formula, 
this would occur at lid". If the ooherimi di®apj«*ar from a liquid it Imcomv* a gas, 
for criterion l* the only print of difference between th«*« two states \ liquid in 
evaporating and overcoming the fare** of cohesion absorb* heat. Therefore, the absolute 
bribing print woo deflnad by me (1WU) a* that temperature at which fo) a liquid cannot 
exist a# a liquid, but form* ft gas which cannot p*** into a liquid elate under any p«*#» 
sum whatever t (ft) criterion «**0i and (c) the latent hunt of evaporation *» a 

Thin definition won but little known mitil Andrews (laflUi explained the matter from 
another aspect, t( tar ting from gases, ha discovered that earlmnw anhydride cannot 
Ihi liquefied by any degree of aompMMskm at temperature* above HV\ whilst at lower 
UmpuHtum U ©mi t» liquefied, B« ©dted this temperatnro the m((«l tempmifwro. 
It Is nvidont that it 1(1 tint ew ft* Urn absolute ladling point We shall afterward* 
designate it by §«, At low temparatartm a gam which I* subjected to a pr«®nro greater 
than Its maximum tension (Note kt) I* transformed into « liquid, which, m evaporating, 
glv«s a saturated vapour potsMssstrig this maximum tenwon i whilst at temp»r*tero* above 
f« the pwisturu to which the gas is subjwted may tnervaa# Indefinitely. However, under 
thane conditions the volume of the ga« doe* not change indefinitely but approach** a 
definite limit (see Note 86} — that is, it resembW in this re*p#et a liquid or a an lid which 
Is altered but little in vrinme by pressure, The volume which a liquid or ga* oequplM 
at to J« termed the ertiieat volume, and correspond* with the cnHeal fnei»urt>, which 
wt will designate hypo and oxprew la utmoepherea It 1# evident from what ha* been 
nakl that the discrepancies from Marlotte and JteyW* law, the absolute boding point, the 
density in liquid ami emn pressed’ gaaomw state*, and the properties of liquid*, moat oil 
be Intimately eemneeted tngriher. We will wnridw the** relation* in »n» ><( the frilow* 
lug notes. At present w« will supplement the above nbeervetlone by the values of fc and 
JP° ti>r certain liquids and ga«. tt which have bo«« invest ipated in ibis re»j»»t - 
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S th(s gas is only possible at low temperatures, and under great prfcsaufres. 30 
This conclusion was verified (1877) by the experiments of Pictet and 
Oailletet. 31 They compressed gases at a very low temperature, and 

50 I came to this conclusion in 1870 (Ann. Phys Client. 141, 028). 

51 Piofcet, In his researches, effected the direct liquefaction of many gasos which up to 
that time had not boon liquefied. Ho omployod the apparatus ueod for the manufacture 
of ice on a largo scale, employing tho vaporisation of liquid sulphurous anhydrldo, 
which may bo liquofled by prossura alone. This anhydride is a'gas whioh is transformed 
into a liquid at tho ordinary temperature under a pressure of several atmosphorOB (too 
Noto 27), and boils at —10° at the ordinary atmospherio pressure. This liquid, like all 
othors, boils at a lower temperature under a diminished pressure, and by oontlnually 
pumping out tho gas whioh comes off by means of a powerful air-pump its boiling point 
falls as low as -70°. Consequently, if on tho one hand we forae liquid sulphurous 
anhydride into a vessel, and on tho other hand pump out the gaB from the same vosbbI 
by powerful air-pumps, then the liquefied gas will boil in the vessel, and cause tho tem- 
perature in It to fall to —75°. If a seoond vessel is placed insido this vessel, then anothor 
gas may be easily liquefied in it at tho low temperature produced by the boiling liquid 
sulphurous anhydride. Pictet In this manner easily liquefied oarbonia anhydride, OOj 
(at —00° undor a pressure of from four to six atmospheres). This gaB is more refraotory 
to liquefaction than sulphurous anhydride, but for this roason it gives on evaporating u 
still lower tompomturo than can be attained by tho evaporation of sulphurous anhydride, 
A temperature of — 80° may bo obtained by tho evaporation of liquid carbonic anhydride at 
a pressure of 700 mm., and in an atmosphere rarefied by a powerful pump tho temperature 
falls to —140°. By employing such low temperatures, it was possible, with the aid of 
prossuro, to liquefy the majority of tho other gases. It is ovidont that special pumps 
.which arc capable of rarefying gasos aro necessary to reduoo tho prossuro in tho 
chambors in which the sulphurous and carbonic anhydride boil ; and that, in order t 
ro-condonso tho resultant gases into liquids, special loroo pumpB aro required for pumping 
tho liquid anhydrides into tho refrigerating ohambor. TIiub, in Pictet’s apparatus 
<flg. 24), tho oarbonio anhydride was liquefied by tho aid of tho pumps E F, which 



Pro. 9i-.Oeneral arrangement of tbs apparatus employed by Pictet for liquefying gosee. 
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then allowed them to expand, either by directly decreasing the pmttrar© 
or by allowing them to escape into the air, by which mean® the twn- 
pomturo fell still lower, and thou, jusfcaa steam when rapidly rarefied m 

compressed to gas (at a pressure of 4-d atmospheres) and Ux cod H into tto tuba K, 
vigorously cooled by being .surrounded by twlling liquid sulphurous anhydride, which 
was condensed i» to talks 0 by to pomp B, and irwrolted by to pump A. TJ» 
liquefied carbonic antaydrldii . flawed down to kite* K ink* Ut*» luU* If, in wludh it w« 
ttubjeoted to a low pressure by to pump E, owl thus gav« a very Jew temperature of 
about -*140°. The pump E carried off to vapour of to cartxmlr anhydride, and can* 
duotwl it In tin* pump I' 1 , by which it watt again liquefied. The oar bonk anhydride thus 
min'! i ) an entire circuit tlmt i#, it paimed from a rareited vapour of email tetMtett and tow 
totflpereturo into a ooiiiproawd ami moled gaa, which w uc Uatitonw*! into a liquid, which 
agaiu vaporised anti produced a low temperature. 

Inside the wide inclined tube If, where the eorUmte acid evaporated, wan planed a 
second and narrow tuba M containing hydrogen, which was gmuimtad in to mwdi I, 
ff«m ft mixture of sodium formate and eaustiu w»da (CUf^Nn + NatlOwNajtJOj rli^ 
This mixture gives hydrogen cm heating tot vessel t,. This vessel and tot tuba M 
were made of thick copper, and could withstand great pre»*tir«t, They w* re, mew. 
over, hermotlually connected together and ehwed up. Tima to hydrogen which wu 
evolved had no outlet, accumulated in a limited space, and its pwawre increased in 
proportion to live amount of it evolved. This preesttiw wo# recorded on a metallic motto* 
meter B attached to to end of to tabu M. As to hydrogen in tins tube wu submitted 
to a very low temperature and » powerful pressure, all to wm»*mry mndiUotui wars 
present (or Its liquefaction, Whan to pressure In to tube K beemnm steady^-Ae, whan 
to temperature had (alien to — U0° and to* manometer E Indicated a pressure of $80 
atmospheres In to tube M— ton this prom re did not rise with a further evolution of 
hydrogen In to vosael L, This served as an iudksatteu tot to teeaten id to vapour of 
the hydrogen had attained a maximum corresponding with - 1 40", oral that ontMoquenlly 
all Um exoft#« of the gas was wndonsed to a liquid. Busted convinced hi meek of tot 
by opening the cook N, when to liquid hydrogen ratod out from the ortfhw. But, on 
leaving a space where the pressure was equal to (MS) atmosphere*, and reining into contact 
with air under the ordinary prasxure, to liquid «r powerfully rnmpamwed hydrogen 
expanded, began to boll, absorbed alii) more heat, and became still e»4<W, In doing so 
a portion o ( the liquid hydrogen, according to Ihetet, poured tete a redid eta to, and did 
not fall in drops Into a vessel placed under the nutlet N, but as pieces of solid matter, 
which at ruck against the sides of the vessel like shot and iimuedlakdy vaporised,*. 
Thus, although ft wm bnjmwMhte to w e and keep to Uq united hydrogen, still it «m 
clear tot it panned not tmly Inks a liquid, but also Into a solid state. Pictet in hie ox* 
psrfraents obtained other gases which hud not previously bewi liquefied. aspaebUty oxygen 
wd nitrogen, in a liquid Mid solid state, Pictet supposed that liquid end solid hydrogen 
ha# to properties of a motel, like iron, 

M At to MM time (l#T§) as Pictet was working on to liquefaction of gases ff» 
Bwitawland, Oaillotet, In Baris, was occupied on to same subject, and bis rcsnlta, 
although not (to ewvlndog as IHetetk, stiU tomed tot to majority *4 £*»»«, pfeviously 
unllquefled, were capable of passing Into a liquid state, Cattletet #ubj«ft»d gaww to a 
pressure of several hundred atmospheres in narrow thick wallwl glass tubsa {ftg. 86) ; bq 
then cooled the eompressed gas as fat as possible by (tnrrouoAing it with a InMuUpg ml*" 
ture ; a ooek was then rapidly openeil for to outlet *4 meremry from to tuli® containing 
to gas, which consequently rapidly and vigorously expanded. This rapid <sxp«»»i*w» of 
to gas would produce great cold, just oa to tepid ®empr*»tei of a $m »v*dt»s beat ami 
eansea a, rise la temperature. This cold wm produM at to expense of to «m ttesU, 
for In rapidly expanding its particles were not able to absorb heat tnm to walla of to 
tube, and la cooling a portion of to expanding gas woe tmnsfermad Into liquid. Tbte 
yrae seen from the formation of cloud-like drops like a fog which rendeted lb# go# 
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deposits liquid water in the form of a fog, hydrogen in expanding" 
forms a fog, 'thus indicating its passage into a liquid state. But ds yet 
it has been impossible to preserve this liquid, even for a short time, 
to determine its properties, notwithstanding the employment of a tern* 
perature of —200° and a pressuro of 200 atmospheres, 33 although by 

opaque. Thus Caillotot proved tlio possibility of tho liquof action of gasdB,butho did not. 
isolato tbo liquids. Tbo motbod of Caillotot allows tbe passage of gases ibto liquids, 
being obsorvod with greater facility and simplicity than Pictet’s method, which requires 
a very complioatad and oxponsivo apparatus, 

Tlio methods of Pictet and OalUctftt wore afterwords 'improved by Olszewski, 
Wroblowski, Dewar, end others. In* order to obtain a still lower temperature they em- 
ployed, instoad of oarbonio aoid gas, liquid ethylene or nitro- 
bn and oxygon, whose evaporation at low pressures pro. 
uoes a muoli lower temperature (to -200°). They also 
improved on the methods of determining suoh low tom- 
-poraturos, but the methods were not essentially altered; 
they obtained nitrogen and oxygen in a liquid, and nitrogen 
oven in a solid, state, but no one has yet succeeded in seeing 
hydrogen in a liquid form. 

The most illustrative and instructive results (bocause 
tkoy gavo the possibility' of maintaining a vory low tem- 
perature and the liquefied gas, even air, for a longth of 
time) woro obtained in rooont years by Prof. Dcrjvar in the 
Royal Institution of Loudon, which is glorified bythonamoB 
of Davy, Faraday, and Tyndall. Dowar, with tbo aid of 
poworful pumps, obtained many kilograms of oxygon and 
air (the boiling point under tlio atfnosphorio pressure 
w —100°) in a liquid state and kept thorn in this state for 
a longth of timo by moans of opon glass vessels with 
doublo walls, having a vaouum botweon thorn, whloh pre- 
vented the rapid transference of heat, and so gave tho pos- 
sibility of maintaining very low temperatures inside tho 
vessel for a long period of timo. The liquefied oxygon or 
air can be poured from quo vessel into another and used 
for any investigations. Thus’in Juno 1804, Prof. Dewar 
showed that at tho low temperature produced .by liquid 
oxygon many substanoos beoome phosphorescent (beoomo 
self-luminous; for instance, oxygon on passing Into a 
vaouum) and fluorosco (omit light aftor being illuminatod; Fl0 ' 
for instance, paraffin, gluo, &o.) much moro poworfully than " ^ ' ‘ 5 ’ 

at tlio ordinary temperature ; also that solid* then greatly altor in thoir mechanical pro- 
perties, &o. I had tho opportunity (1804) at Prof. Dewar's of seeing many suoh experi- 
ments in wliieli opon vossolti containing pounds of liquid oxygon woro employed, and in 
following tlio progress rqado in researches conducted at low temperatures, it Is my firm 
Impression that tlio study of many pkonemona at low tomporatures should widen the 
horizon of natural science as much as the investigation of phenomena made at the 
highest tomporatures attained in tho voltaic aro. 

55 The Investigations of 8. Wroblowski in Cracow give reason to believe that Pictet 
could not liavo obtained liquid hydrogen in tho interior of his apparatus, and that if ho 
did obtain it, it could only have boon at tho moment of its outmsli due to tho fall in 
temperature following its sudden expansion. Pictet calculated that he obtained a tern, 
perature of — 140°, but in reality it hardly fell bolow —ISO 0 , judging from tho latest 
data for the vaporisation of oarbonio anhydride under low pressure, Tho difference 
lies in the method of determining low temperatures. Judging from other properties of 
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these moans tho gases of the atmosphere may !>o kept In a liquid state 
for a long time. This is duo to tho fact that tho absolute bailing point 
of hydrogen lies lower than that of all other known giuwm, which also 
depends on the extreme lightness of hydrogen. 31 

hydrogen (tee Note 84), one would think that it* absolute toiling jK.iut li«>« far twiner 
-190* 1 , and even “140” (according to the calculation of ttoreu, on ih«> Wu* of it* wmi* 
pvossiblllty, at -174°). But even at -*no*» (if the method* of ilclfrnmim* each low 
temperatures bo eorrcot) hydrogen does not give a liquid even undnr a j»ro«>um of nnvcrul 
hundred almonphorti*. However, on tixponimm a fog is farmed ami a liquid *talo attained, 
but the liquid «loc* not separate, 

« After Uie idea of the absolute temtierattire of ebullition (fr, Note *Jtt) hsul Wn 
worked out (about 1H70), and it# winner lion with the deviation* from Mariotte’* law 
had become evident, and especially after the liquefaction of jwmmnent «*»»», general 
attention wti turned to the development of the fundamental conception* of the gaseous 
and liquid statu# of matter. Rome investigator* directed their energies to the further 
study of vapours (for instance, Ramaay and Young}, go*®* (Amagal), mid liquid* 
(ZacnohaffiVy, Nadoaokdin, and other*), especially to liquid* near te and j»pj other* 
(KonovaloS and Do Ifaen) endeavonml to dkenver the relation between liquid* malar 
ordinary conditions (removed from to and pe) and gas**, whilst a third » la*« of invimtb 
gators (van der Waftl#, Clauaia*, and other*}, storting from Urn generally -oeeepted 
.principles of the meehanloal theory of heat and the kinetic theory of ganea, and amnuning 
in gases the existence of those forces which certainly act in liquid#, deduced the 
connection between the properties of one and the other. It would l*» out of place in 
an elementary handbook like the present to enunciate the whole m*** of «Mti<4on# 
arrived at by thin method, bat it is well to give an idea <4 the result* of van der 
Waal#' considerations, for (bey explain tlm gradual uninterrupted paMsqje from a liquid 
Into a gaseous state in the simplest manner, and, although ib# deilucthm cannot be 
oonsldered as complete and deolaive (im Not* 38), nev»rth*law it penelraiea so deeply 
Into (be essence of the matter that its aigniflcaUon i« not only reflected in » great uutitW 
of physical investigation#, but also In tlm province of chemistry, where instance* of tho 
passage of substance# from a gaseous to a liquid state ore *« common, and whom thu 
very processes of dissootatlon, decomposition, and , . mbtiialten must be identified with a 
change of physical state of the participating mb«tanee«, which ho* been elaborated by 
Gibbs, Lavonig, and others, 

For a given quantity (weight, mss*) of a defintiti tubetanee, it* flute in expressed 
by three variable#™* volume v, premium (el**ticily, te»*te»J p, and temperature t. 
Although the corap««aibility~[f^,, <f(o) l<Hp\\~ <4 liquids i« email, utill it i* clearly ex- 
pressed, and varies not only with the nature of liquid* but alw* with their prs»*uro and 
temperature (at to the oomprsaslbiUty of liquids is very eonshlerabte). Although gases, 
aooordtag to Marietta's law, with small variation* of pm«#ur#, am uniformly 
nevertheless the dependeno* of that* velum « w f and p h wry complex. ThUahsa 
applies to tho coefficient of expandem Ottfv) /d(f), m <?(j>) /«Kf}|, which *1#** varies with 
t and p,both few gates (m Note M), and for liquids (at te H is wry «uR*iderahte, and 
often exceeds that of gases, 0*O0W7). Hones, the gqmtUm of mmd ititm must Include 
three variables, *t, p, and I. For a eo-oolted perfect (ideal) pa, or far Ineunafctembte 
variation# of density, tho elementary aqpnmfon H (378 r f) should 

be accepted, where £ Is a eeasteafc varying with (hi mm and nature «f a gsw, as 
expressing this dependence, because It Modes In Itself tho few# of Oey-Imwase and 
Msriotte, for at a constant pressure the volume varies prep«rtl«»lly t*l r«l, and wfem 
I is Constant the product of fo la constant, In its riiupfest farm the equation may bp 
expressed than : 

whero T denotes what Is termed the absolute temperature, or the ordinary temperalttf* 

*278 -that is,T«<+278. 
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Although a substance which passes with errmf a;cr f , 
liquid stats by the action of phyrioomMhanical Dorcas! hyd^en'osM 

Starting from the supposition of the existenoo of an attrnnfi^ 

(expressed by a) proportional to the square of the density for {nJL»Y ntenial P re8sura 
the toon cl the voice), end .1 the ctatooco of „ fWrtteedto 
of path (expressed by 6) for oach gaseous moluoulo, van der w nn i = , mm ' slied length 
following more complex equation of condition ““ glves for 6 aBet > tha 


(p + “,) (v — b ) » l + 0'00807f ; 


If at 0° under a pressure jp»l (for example, under the atmospheric oressm-m h,„ 

(for instance, a litre) of a gas or vapour bo taken as 1, and therefore o and b be excreta 
by tlio same units as p and a. The deviations from both the laws of Mariotte d G ° 
Lussao are expressed by the above equation, Thus, for hydrogen a must 
Infinitely small, and 6 « 0-0009, judging by the data for 1,000 and 2,600 metres 
(Note 28), For other permanent gases, for which (Note 28) I showed (about 1870) from 
Rognault’s and Nattorer's data, a decrement of pv, followed by an increment w hJh 
confirmed (about 1880) by fresh determinations made by Amagat, this phenomena mav 
bo expressed In definite magnitudes of a and b (although van der Waals’ formula is nob 
applicable in the case of very small pressures) with sufficient accuracy for eontemporarv 
requirements. It is evident that van dor Waals’ formula dan also express the difference 
of the ooofiloionts of expansion of gases with a change of pressure, and according to the 
methods of determination (Note 2(1). Besides this, van der Waals’ formula shows that 

at tomperataros above 278 (|jj - l) only one actual volume (gaseous) is possible, 

whilst at lowor tomporaturos, by varying tho pressure, throe different volumes— liquid 
gaseous, and partly liquid, partly saturated-vaporous— are possible. It is evident that 

(lie above temperature is tho absolute boiling point — that is (<c)«* 278 — jY it is 

found under tho condition tliat all tliroo possible volumes (the three roots of van der 
Waals’ oublo equation) are then similar aud equal (t/c® 86). The pressure in this case 

(pa) a Those ratios between the constants a and 6 and the conditions of critical 

efate— ix. (to) and (pc )— -give the possibility of determining the one magnitude from Ihe 
other. Thus for ether (Note 90), ((c) *» 108°, (tp)*» 40, hence a ® 0*0807, 6 = 0-00688, and 
(t)o)>« 0-010. That mass of ether which at a pressure of one atmosphere at 0° occupies 
ono volume— -for Instance, a litre — ooouplei, according to the above-mentioned condition, 
this critical volume. And a« the density of the vaponr of ether compared with hydrogen 
•a>87, and a litre of hydrogen at 0® and under tho atmospheric pressure weighs 0-0890 
gram, then a litre of other vapour weighs 8-89 grams } therefore, in a critical state (at 
198" and 40 atmospheres) fP89 grams occupy 0-010 litre, or 10 c.o. ; therefore 1 gram 
occupies a volume of about 6 c.c., and the weight of 1 c.o. of ether will then be 0-21. 
According to the investigations of Ramsay and Young (1887), the critical volume of ether 


was approximately such at about the absolute boiling point, but tho compressibility of 
the liquid is so great that the slightest change of pressure or temperature has a consider- 
able effect on the volume. But the investigation* of the above savants gave another 
Indirect demonstration of tho truth of van dor Waals’ oquation. They also found for 
other that the isoehortU, or tho lines of equal volumes (if both ( andp very), are generally 
atraight Hues. Thus the volume of 10 ox. for 1 gram of ethor corresponds with pressures 
(expressed in metres of mercury) equal to 0186i-8’8 (for example, at 180° the pressure*. 
21 metres, and at 2M)° iV >81'5 uietree). The rectilinear form of the isochord (when u=>a 
constant quantity) is a dirent result of van dur Wools’ formula. 

When, in 1KH8, I demonstrated that the specific gravity of liquids decreases In pro* 
portion to the rise of temperature [8| 8*,— Ki or 8, •• S 0 (1 — Kt)], or that the volumes 
tacroasc in inverse proportion to the binomial 1 — KJ, that is, V, = V 0 where K 
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Its gaseous state (that is, its elasticity, or the physical energy of its 
'molecules, or their rapid progressive motion) with comparative ease 
under tho influence of chemical attraction , 33 which is not only shown 
from tho fact that hydrogen and oxygon (two permanent gases) form 
liquid water, but also from many phenomena of tho absorption of 
hydrogen. 

Hydrogen is vigorously condensed by certain solids ; far example, 
by charcoal and by Spongy platinum. If a piece of freshly ignited 
charcoal bo introduced into a cylinder full of hydrogen standing in a 
mercury bath, then the charcoal absorbs m much as twice it* volume 
of hydrogen, Bpongy platinum condenses still more hydrogen. But 
‘ palladium, a gray metal which occurs with platinum, alewrb* more 
hydrogen than any other metal, Graham showed that when heated to 
a red heat and cooled in an atmosphere of hydrogen, palladium retains 
as much as COD volume* of hydrogen. When unco almorWd it retains 

ig the modulus of expansion, which varies with tho nature *4 tin* liquid, than, la general, 
not only does a eonawWoa arise between gxtwst noil liquid with respect to a «lMW»f« of 
volume, but also it would appear possible, by applying van der W«wd«' formula, to judge, 
from the phenomena ot the expansion <4 liquids, m to tbeir trew*»lu«*n into vapour, and 
to oowaeot together ell the prfualpal properties *4 Uqui«l», whloh up to this tim« had 
not boon considered to be In direst dvpendtuW. Thus Thorpe and lUh-lrer found that 
tl{to)+9TS»l/S., where K ia the modulus of axpeumlnn in tho above. mentioned formula, 
For example, the expansion of etbet (a expreteed with aalbeintit aetmraey fmm 0* to 100® 
by the equation fl,»0*Wl (l — G'0Ql64f), or V,*»X (l -»«l 001841), where 0 00184 Is the 
modulus of expansion, and therefore (fe)»lW n , ««r by direct tdmmUmt Ilia 1 . F«wr 
silicon tetrachloride, 8101*, the modulus equals OWHM, from whence mod 

by experiment 980°. On the other hand, D. P. Kmoivalnff, admitting that the external 
■pmsoxo y In liquids is Inslgnl&eant when e*wni®r«4 with the internal f» in van dev 
whale' formula), and that the work in the expansion of liquid* is pr»l«srtt«»»l to their 
temperature (as in gases), directly deduced, from von >W Ws*S*‘ formula, the above, 
mentioned formula for the expasahm of liquids, V,«l/(l - Kfl, ami also the magnitude 
of the latent heat of evaporation, eelmaion, and eomprwiilbUily under pressure. In tide 
way van der Waal s’ formula embrown the gaseous, eritWt, and fifwnf sftife# at sub- 
stances, pui showa the connection l»tw»«8 them- On this wwwunt, although van d«r 
Weals' formula eannotrbu <;oa#idcto4 a* perfectly genaraJ and wmrato, y*t it is not only 
very much mere met than | to»J4T, hut it is also more eomprehMialve, it 

Apptiea both to goons and liquid#. Further tteewoh will naturally give a rhn»r proximity 
to truth, oud will show the eonweotioa between eotnpmdkton and the «oM»ut»t» («i and b) j 
but a great sotouttfin progress is mm In this tarn at the equattou of slats, 

Clausius flu 1W8Q), taking into ewffderatk® the variability of «. in v« d«w Wanin' 
lormula, with the temperature, gave the following equation of eoqdiMoo ;**» 

(p + (*-6).j»r. 

Swrfau applied this formula to Amagat's data for hydrogen, mA found a «* h uS3l, 
4 h -O'OOMS, b m O'OOOfiP, and therefore oaleulatod its absolute boding potato* ,»i*?4 and' 
<pe)»C9 atmospheres. But as similar calculations for oxygen ( - 108 ** 1 , toteufen ( - m*}; 
And marsh gas (-78 ) gave to higher than It really in, the absolute boUtog point of kyd». 

gen must lie below ~174°. 

This and a number of similar coses dearly abnw how peat urn the internal 
ehomloal forces compared with physical and mechanical tom*. 
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the hydrogen at the ordinary temperature, and only parts with it when 
heated to a red heat. 80 This capacity of certain dense metals for the 
absorption of hydrogen explains the property of hydrogen of passing 
through metallic tubes. 87 It is termed occluwon, and presents a 
similar phenomenon to solution ; it is based on the capacity of metals 
of forming unstable easily dissociating compounds 88 with hydrogen, 
similar to those which salts form with water. 

4-t the ordinary temperature hydrogon very feebly and rarely enters 

00 Tlie property of palladium of absorbing hydrogen, argj of increasing in volume in 
so doing, may Jje easily demonstrated by taking a sheet of palladium varnished on one 
side, and using it as a cathode. Tha hydrogen which is evolved by tho aotion of the 
current is retained by the unvarnished surfaoe, as a oousoquenco of which tho ahoot curls 
up. By attaching a pointer (for instance, a quill) to tho ond of tho shoot this bonding 
effect is rendered strikingly evident, and on reversing tho current (whon oxygon will bo 
evolved and oombino with the absorbed hydrogen, forming water) it may bo shown that 
on losing tho hydrogen the palladium regains its original form. 

07 Dovillo discovered that iron and platinum become pervious to hydrogon at a red 
heat. Ho speaks of this in tho following terms : — ‘ Tho permeability of suoh homogonoous 
suhstancoB as platinum and iron is quite different from tho passago of gasos through 
suoh non-compacl. substances as day and graphite. Tho permeability of metalB depends 
on their expansion, brought about by boat, and proves that metals aud alloys have a 
certain porosity.' Ilowovor, G raham proved that it iH only hydrogen which is capablo of 
passing through tho above-named metals In this manner. Oxygon, nitrogen, ammonia, 
and many other gases, only pass through in extremely minute quantities. Graham 
showed that at a rod heat about 000 o.o. of hydrogon pass per minute through a surface 
of one square metro of platinum 11 mm. tltiolc; but that with other gasos tho amount 
transmitted Is hardly porooptible. Indiarubbor kaB tho Bamo capacity for allowing tho 
transference of hydrogen through its substance (sen Chapter IH.), but at tho ordinary 
temperature ono square metre, O'Olil mm, thiok, transmits only 137 o.o. of hydrogen per 
minute. In tho experiment on tho decomposition of water by heat in porous tubes, the 
day tube may be exchanged for a platinum ono with advantage. Graham showed that 
by placing a platinum tube containing hydrogon under those conditions, and surrounding 
it by a tabe containing air, the transference of the hydrogon may be observed by the 
decrease of pressure in the platinum tube. In one hour almost all the hydrogen (97 p.o.) 
had passed from tho tube, without being replaced by air. It is evident that the occlusion 
and passago of hydrogen through motels oapable of occluding it are not only intimately 
connected together, but are dopondont on tho oapacity of metals to form compounds of 
various degrees of stability with hydrogen — like naltB with water. 

3U It appeared on furtlior investigation that palladium gives a definite compound, 
Pd a II («c« further) with hydrogen ; but wluit was most instructive was tho investigation 
of sodium hydride, Na-jll, which clearly showed that the origin and properties of such 
compounds are in entire accordance with the conceptions of dissociation. 

Since hydrogen is a ga« which is difficult to condense, it is little soluble in water and 
Other liquids. At 0" a hundred volumes el water dissolve I'D volume of hydrogen, mid 
alcohol O'O volumes measured at 0” and 700 mm. Molten iron absorbs hydrogen, but in 
solidifying, it expels it. The solution of hydrogen by motalH is to a certain degree 
based on its affinity for metals, and must bo likened to the solution of metals in mercury 
and to the formation of alloys. In its chemical properties hydrogen, as we shall see 
later, has much of a metallic character. Pictet (lee Note 81) even affirms that liquid 
hydrogen has metallic proportion. Tho metallic propurties of hydrogen are also evinced 
In the foot that it is a good conductor of heat, which is not the ease with other gooes 
(Magnus). 
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Into chemical motion. The capacity of gaseous hydrogen for motion 
becomes evident only under a change of circumstances— -by compression, 
heating, or the action of light, or at the moment o! its evolution. 


takes fire, and that it then burns with a pale— that fa, wun» luminous—- 
flame . 89 Hydrogen does not combine with the oxygen of the atmo- 
sphere at tho ordinary temperature ; but this combination takes piaco 
at a rod heat , 40 and is accompanied by the evolution of much heat, 
The product of this combination is water— that fa, a compound of 
oxygen and, hydrogen. This fa the tn/nihma a/ and wo have 


.It i ITif iln rt li : 




The synthesis of water may be very tftatiy observed if a mid glass Ml 


condense in drops as it fa formed on tho walla of the condenser and 
trickle down .* 1 


84 III it te derirod to obfato ft prfwtootly o«Umri#«» hydrogtm flame, it mast i»*w» from 
a platinum nml©, u the gtem end of ft KtuwsooduottoiJ tube Imparts ft yellow U«t to tte 
flame, owing to the presence of sodium in tte Rfa**. 

84 Let ua imagine that a stream wf hydtoptn pass** iloag a tel*, «uj4 tot «* trombdly 
divide this stream into several part*, oonswmUvtiiy pwaafag uni fr*w*i tte ..rifto* «,f ll» 
lobe. TOe first past to Ufhfad— fast fa, b»»§tfa to a oteto of in which 

•fate H eombtaef with the e*yp» of kb# atw»ph®». A w^derabto mnmn% *»f te#t fa 
evdved. la ft# q o mbtoaftm. TO# teal ewtved item m to tay, fanifa* tte mom I p«t to 
farftafgw mem ttofa ft# fate, end, iterator*, wtum mm ignited, tte hrtmm ««• 
fa-tern, « ttew be a ismtfaad supply of it, mi if tte fttewptew to wteh fa 
fawns te unlimited and wmfcahw oxygon. 

41 eembu«tibihty of hydrogen may te ttewn by tte dimwt of water 

far sodium. It a pellet of sodium te town into a mm>i mmMttiw water. it llmt» m 
fte water e»d evolves hydrogen, which may te lighted. Tte tmmmm of Imparts 

a yellow tint to the dame, it potassium te Mm, tte hyd W , tern, into taw L. 
faasoasly, beoftw sufficient heat Is evolved to tte metm te mm# tte htewm, - Tte 
floats is eolotwed violet by tte potassium. If mMm te tom m m to w».to# ( tet * 
to ftaocid, it wM evolve more heat, and tte hydrops wiU tteii at®# bar®* mu timrn 
Those experlmeutpmwt te omrfad m with caution, as, towards tte 
mass of sodium oxide (Note 8) is produced, and flies atentf fa fa tter*f«« test to 
fits vessel to which tte experiment is carried on. 
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Light does nob aid the combination of hydrogen and oxygen, so 
that a mixture of these two gases does not change when exposed to tho 
notion of light ; but an electrio spark acts just like a flame, and this is 
taken advantage of for inflaming a mixture of oxygen and hydrogen, or 
(detonating gas, inside a vessel, as will be explained Sn the following 
chapters. As hydrogen (and oxygen also) is condensed by spongy 
platinum, by which a rise of temperature ensues, and as platinum aots 
by contact (Introduction), therefore hydrogen also oombines with 
oxygen, under tho influence of platinum, as Dobereiner Bhowed. If 
spongy platinum be thrown into a mixture of hydrogen and oxygen, 
tin explosion takes plaoe. If a mixture of the gases be passed over 
.spongy platinum, combination also ensues, and the platinum becomes 
red-hot . 48 

Although gaseous hydrogen does not act directly 43 on many sub* 
stanoes, yet in a nascent state reaotipn often takes place. Thus, for 
instance, tvater on which sodium amalgam is aoting contains hydrogen 
in a nascent state. The hydrogen is here evolved from a liquid, 
and *t tho first moment of its formation must be in a condensed 

41 Tliia property of spongy platinum la mado ubq of lu tho eo-oulled hydrogen cigar*- 
lighter. It oonslata of a glass aylindor or beakor, iuaida whiah there is a emallload stand 
(which is not oetod on by aulphurio acid), on whioh a piooo of zino (a laid. This zino is 
qoverod by a boll, which is opon at tho bottom and fumishad with a ooolc at tho top. 
8ulphurio ooid is poured into the spaoo botwoon tho boll and tho aides of tho outer glass 
cylinder, and will thus compress tho gas in tho bell. If tho cook of v tho cylinder be 
<5poi\od tho gaa will escape by it, and will be replaoed by tho aoid, which, coming into 
contact with tho zino, evolves hydrogon, and it will oaoapo thrdugb tho oook. If tho 
cook be oloiiod, then - tho hydrogen evolved will inoreaso tho presBuro of tho gaa in the' 
bell, and thus again force the add into tho apace between the bell and the walla of tho 
outer cylinder, Thus the notion of the add on tho zina may be stopped or started at 
will hy opening or shutting the oook, and consequently & stream of hydrogen may bo 
always turned on. Now, if a pieoe of spongy platinum bo plaood in this stream, tho 
hydrogen will take light, because the spongy platinum becomes hot in condemning the 
hydrogen and Inflames it. The considerable rise in temperature of the platinum doponds, 
among other things, on tho foot that tho hydrogon condensed in its pores comes into 
contact with previously absorbed aud condensed atraosphorio oxygon, with which hydro, 
gon combines with groat facility in Hub form. In this mannor tho hydrogon oigar-lightor 
gives a stream of burning hydrogen when tlio oock 1 b opon. In order that it should work 
regularly it is nooessary that the spongy platinum should bo quito clean, and it ia boat 
enveloped in a thin shoot of platinum foil, which protects it from dust. In any cane, 
after some time it will bo noooHsary to clean tho platinum, which may bo easily done by 
boiling it in nitrio oaid, which does not dissolve the platinum, but clears it of all dirt. 
This imperfection haw given rise to several oilier forms, in which an electrio spark is 
made to pass before tho orifice from which the hydrogen escapes. This is arranged in 
such a manner that tho zinc of a galvanic element in immersed when tho oook is turned, 
or a small coil giving a spark is put into circuit on turning tho hydrogen on. 

45 Under conditions similar to those in wliiuh hydrogen combines with oxygon it 1$ 
also capable of combining with chlorine. A mixture of hydrogen and chlorine explode* 
on the passage of an electric spark through it, or on contact with an incandescent sub* 
stance, and also in the presence of spongy platinum ; but, besides this, the action of light 
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utatfl, 44 In this condition ft is capable of reacting on, subatanoos on 
which it dots not act in a gnacouH itete. 44 bla Emotion* of subutittfeicm 
or displacement of motals by hydrogen at tho moment of its formation 
are particularly numerous 4 * 

Metal®, ft# wo shall afterward® *00, are in many c<utm able to replace 
oaoh other ; they also, and in noma c*w» atiU more easily, replace and 
are replaced by hydrogen. We have already neon example® of thin in 
tho formation of hydrogen from water, sulphuric acid, Ac. In all these 

«lnr»e< i«t enough to hnng »1 k<uI tin* vniuhinatiuu <■( hydrogen will t-Kh rmis If i» rttistore 
of tM|tin,l viilmiu’H nf hyilf«*g«’M and ihh>im«-> hi’ pvjw.wmI In tlw action nj sunlight, eom* 
ploto enmhtttattnii rapidly oiintti’a, mt'i'Uipanioil by a rpj«irt. Hydrugen dr*>» nut combine 
directly with eturUm, either at Uw* ordinary to»,j*er#ilttf»» nr by Uu> aetton of heat and 
pteseufo. But if no electric current bn pauaed through • arbnft »h»rtr*«U»ti at a short 
din twice tom* ©wh other (as in tho elw’tri*’ light or volun- arc), «*< km to form m toeetrto 
am in which the partieW of cartam «*<> carried from otto |w>)» to the oth»r, them, in the 
Intonse beat to which tho ««b»m to wihjwctod m fei«« ms*, tt m impabto of eotnbining 
with hydrogen. A gas of J»«ulmr wool I called ac*ly|«n«, la ibm funned from 

carbon ami hydrogen. 

at Thom in another explanation of fee facility wife wliuh hydrogen react* iu a murenlf 
ntato. We shall afterward* team feat fee ttudeeiito of hydtogw* o«nt»tna two atoms, 11^ 
hat thorn arc elemonto tho moloonln* of whtoh only mmtoiti oh® a torn "for Ifietaue*, 
mmemy. Therefore, every reaction of ga*»«»e* hydrogen tnaat ha amswpantod hy fee 
dtoroptitm of feat bond which extol# Iwlwwtt fee stems forming a molecule, At tho 
moment of evolution, however, tt fa suppowsd that free stoma nxf*t, and la thin eundUktn, 
according to fee hypofeeato, tot *«*rfeMisatty. Yhi* hf|»fe«Ss l* not baaed npu« facte, 
and fee Idea that hydrogen '* wmdeneed at the moment of it* evolution to mure nature), 
arul in In aoeordwioe wife the feet (Note 191 that «m>prw**ed hydrogen diepUoea palladium 
and stiver (Brunner, Bek etoff) -feet to, ante a» at fee moment of Ha liberation. 

** <»n There la a very intimate and evident relation between fee phenomena which 
toko place In fee action of upwigy platinum and the phenomena of the arti»n in a nnaewnt 
ateto, The combination of hydrogen with aldehyde may be fek*n a* an example. Alde- 
hyde to a volatile liquid with an aromatic email, boiling at »t v , wdubto in wafer, and 
abeorhing oxygen from fee Rtnuwphere. and In Ihle abw>rt»tl«n forming «meim aetd —the 
trebstanea which i» found in ordinary If andtvtn amalgam b* thrown Into m 

aquwitiR Rolniitm of aldehyde, the gomb r part of fee hydrogen evolved enmblnea wife 
fee (ddehydn, forming ah idml »a mtbaiarwe aJ«» e*4«bl» in wafer, whfeh forme 
fee principle of all epirituoue hgifeK, b«U* at ‘hr, and otnWn* tho eame atmmnt of 
oxygen and carbon m aJ.l«hytfe, but mm bydn-g-rn. The » f aldehyde to 

0aH 4 0, feat of etehtd OM 

« When, for Umtonre, an mid awl riwo am Mhfe t u* a naU of *iW, tho *4tver to 
ifcdoeodl be* *M» »®y be expkOwsd as a mantton <d fee Um, and fed *4 the hydrogen at 
fee moment of Ito (omatioa, Them am, tewwt, to whfeh thm ,«.xtdw»ikm 

ft entirely tnaptdkabk; thoe, (os fnetame, hydimged, at the moment *4 tu hbemttoa 
aae% taket ap o*y«pi from it* rompoonde wife wtn«#n if fe»y t« t„ »„fetkm. and 
converts fee nitrogen Into ife h|di«8Hn«omp<mn4. »f*r# tlw nlfe«#o amt hydr« W 
eo to apeak, meet at th# moment of fetor libnr&fetn, and In lhi« atatn tr^ettosar. 

It to evident from tin* that fee eteitm %mmw etot# at hyin^pm %m% fee limit nf ft* 
energy . prevent* it from entering fete th»ie> tvuMmUum of wbiph it <„ * m p*feto. I« fee 
nascent utoto we have hydrogen whioh to ima to a mmm» state, w ,,| u« artfim to then 
much more enerptto At fee moment of rmdntionfeet \mkwto* i Utofent to 
fee gaseous hydrogen, to teanmaltted to its ««4«r&h*, and ermssammUy they mw to » 

toato of strato, andean heaoe aqtt cm many s uhetonoes * 
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cases tho motals sodium, iron, or zinc displace the hydrogen wbioh ooours 
in those compounds. Hydrogen may be displaced from many of its 
compounds by metals in exactly the samo manner as it is displaced 
from water ; so, for example, hydrochloric acid, which is formed 
directly by the combination of hydrogen with chlorino, gives hydrogen 
by the action of a groat many motals, just as sulphurio acid docs. 
Potassium aucl sodium also displace hydrogen from its compounds with 
nitrogen , it is only from its compounds with carbon that hydrogen is 
not displaced by motals. Hydrogen, in its turn, is able to replace 
motals ; this is accomplished most easily on heating, and with those 
metals which do not themselves displace hydrogon. If hydrogen bo 
passed over tho compounds of many metals with oxygon at a rod hoafc, 
it takes up the oxygen from tho motals and displacos thorn just 
as it is itself displaced by metals. If hydrogon bo passed over tho 
compound of oxygon with copper at a rod hoat, thon motallio coppor 
and water aro obtainod — CuO-f H 9 =IL,0 + Cu. This kind of double 
decomposition is callod reduction with rospoct to tho metal, which is 
thus reduced to a motallio state from its combination with oxygon. 
But it must bo rocollootod that all motals do not displace hydrogon 
from its compound with oxygon, and, convorsoly, hydrogon is not ablo 
to displace all motals from thoir compounds with oxygen ; thus it doos 
not displnoa potassium, calcium, or aluminium from its compounds 
with oxygon. If tho motals bo arranged in tho following series j, 
K, Na, Pa, Al .... Fo, Zn, Hg .... Cu, Pb, A g, Au, thon -the 
first aro able to take up oxygon from water — that is, displaoe hydrogen 
— whilst the last do nob act thus, but are, on the contrary, reduoed 
by hydrogen — that is, have, as is said, a less affinity for oxygen than 
hydrogen, whilst potassium, sodium, and oalclum have more. This is 
also expressed by the amount of heat evolved in the act of combination 
with oxygon (see Note 7), and is shown by the faot that potassium and ' 
sodium and othor similar motals evolve heat in decomposing water ; but 
coppor, silvor, and tho liko do not do this, booauso in combining with 
oxygon they ovolvo loss hoat than hydrogon docs, and therefore it hap- 
pens that when hydrogon reduces tlioso motals boat is ovolvod. Thus* 
for oxamplo, if 16 grams of oxygon combino with copper, 38,000 units 
of hoat aro ovolvod ; and when 10 grams of oxygon combino with 
hydrogon, forming wator, 69,000 units of boat aro evolved j whilst 23 
grams of sodium, in combining with 16 grams of oxygon, ovolvo 100,000 
units of hoat. This oxamplo clearly shows that chemical reactions 
which procood directly and unaided ovolvo hoat. Sodium decomposes 
water and hydrogon roducos coppor, beoause they are exothermal 
roaotione, or tlioso which ovolvo heat ; ooppor does not decompose water, 
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because much a reaction would bo Accompanied by m Ahtorptkm (or 
secretion) of heat, or Itelougs to the o hm of tmiotkermal mote in 
which heat k absorbed ; and such react ioua do not generally proceed 
directly, although they may tako place with the aid of energy (eleeferi* 
cal, thermal, <fce,) burrowed from tome foreign «mrce. 4!i 

The reduction of ‘metal* by hydrogen in taken advantage of for 
determining the exact mmptmtkm vf tmter % umgkt. Go pjww oxide i» 
usually ehoeon for thin purpose. It ia heated to rednem in hydrogen, 
atvd the quantity uf water thus formed k dktermlfwd, when the quantity 
of oxygen which occur* in it i« found from the lots of weight erf the 
copper oxide. The copper oxide must bo weighed immediately Wort 
and after the experiment. The difference show® the weight of the 
mttfgm which entered into the composition of the water formed, la 
tbl* termor only solid# have to be weighed, whkh is a very great gala 
in Uiq aceumoy of the result* obtained. 4 ? Dokmgaml Itoreritu* (1810) 
wore the firttte doteredna the composition of water by this method, 
and they found that Water cotrtaiua 88*01 of oxygon and 11*00 of 
hydrogen in 100 parte by might, or 8*00$ part* of oxygen per m® part 
of hydrogen. Dornmi (1842) improved on this method, 4 * and fmmd that 


m toremJ date aed reftoattoft* totrtag m Ute matter «rw »nmm*UA to 

Heteti 7, U, (wwl U, It must be ftterwd that tto w.tkm ©f fw® m ate© «*» ©-titer h rwrea 
oiJte. But fee mwttea 0uQ+Hi»0a + li«0 u rwt wvtobkj tto tUfbtvw* totw«® 
tto degrees at affinity Its vfty gnat to Ute cte*.%ad, ttewitwi, m tot m is at 
known, m kydrepm is liberated twa to tto ptmetm ©f a tog© pttma of water. It b» 
te be heritor mtiarteft, that mder lb# enadittout *4 tto Atowtettcm *4 water, wppnr te 
rn% oxidteed by water, toeaosts lbs exkte of wpjaar »* twteeod by fwa kydn^vu. II a 
4®Salte arawei of o atetel and aakl bo teton j» 4 teak wwttea to wM on fa « atom* 


»P*». ttoa Utft «wJaU<* of hyd***® will oeam, wtoa Its te»*w t^aoJ* ttol «l wbteh 
mnuurt'BiHHl bydrogoa di»pW« tto motel. Tto «n»«H (tep«4» epw* tto mim .4 (to 
*»«M m& tto strength of tto ftoloUtm of «dd. Tammati** m& tfmwA (>»mi kmwl (bn* 
itoitwtek “butd in (to fo) towing mter in r«{»l to tkte Umitteg test*.* <4 hydrogen?-* 
Ho, Mg, Zn, A), Cd, Fe, ML 

' 0 ®d# dotemittobm m*y to «rrM ««» in o» ftppiwtou Mto tto* mststtewiwt to 

Hate 18 of Ctoctet t, 

* w « 'riU Pe««ed to tenorito Damw* method m& mmUto. Wm tbl® .totomtetutea 
aud torygym mdto i* wmmmy, ’l>mm took o auMunt qu««iy t* mppm 
to* tto fit W «r mm of woter to «toh teterm.to«te». A* Uw orM* of 

topper we* wtjigtol toforo ato i after to# orpomsoat, nod m tto wasi »4 ouygw «»♦ 
tefefid to water wm d&termtokl by tto ditfsmao tototw tbt#a wwlgbte, it wm 
fetoao ototof imtoteoytoiBdftii toe t«yp« fomttog tto water M to swlred tmn 
toe oridfi ^ <^per Antiy tto tfftWwi fa byttos,*wi, ft mm tmmmtfr dm, %Ud tto 
hydreg^ tootdd be p^tefitly pw*, «ad hm m mdy from imm <4 mmtnm, imi tmn 
^ *fe* «» *a*r « eMblae with (bo 7mppm «md 
fnm>MiM.o«b«r eowpcaad wfto it, Vto bulb «mtetoag tto »4 mJE. m 

•« **ri i?i» w* **> <>»*. “ Xw. A 

1*1 oomMnlag vdih tto hydropo pft«mg tto vmmI, tora^ »*ter 

t SF® d «* «W». Tto water formed 

jtoottld to eniltely abaortod to order to aecuretely totemtom it# wanttly, fto 

ibyQrogon waa evolved to toe tomsMsdted bottte. Tto fuiphork w4, for to tto 
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water contains 12-575 parts of hytfbQgfip per 100 parts of oxygen— that is, 
7-990 parts of oxygen per 1 pa$ of hydrogen— and therefore it is usually 


duo, is poured through funnel* 
into th^ middle neck. The hydro* 
gen evolved ip the woulfe’sbotilo 
jjMBoa through U tubes, in which 
It is purified, t6 the bulb, whore 
it oomes into contact with the 
copper oxi.dc, forms water, and 
.roduoos tho oxido to motoiUq 
.boppor i tho wator formed iBJJOfl. 
densod u> the soooud hnibfanfi 
any passing off is absorbed in the 
second set of Q tubes. This 1% 
the general arrangement of the 
apparatus. Tire bulb with th9 
ooppor oxide is weighed befajo 
and after the oxpemnont, The 
loss in weight shows the quantity’ 
of oyygen which on’torod late tho 
composition of tho wator formed^ 
tho weight of tho latter bQOjH 
ghown hy tho gain in woighb of 
Uio absorbing apparatus. Know, 
ing tbo amount of oxygon in the 
wator formed, wo also know thO 
quantity of hydrogen contained 
in it, and consequently wo dotor* 
mine the composition of wator by, 
weight. This is the ossonoo ol 
tho determination. Wo will now 
turn to certain particulars, to 
one nook of tho three-necked 


bottle a tube is placed dipping 
under meroury. This sorvos as a 
safety-valve to prevent the prosy 1 
• sure inside the apparatus he- 
coming too greitt from tho rapid 
evolution of hydrogen. If the 
praBsu.ro rose to ipjy "conaidor- 
ttblo extent, tho Qurront of gasoa 
and vapours 'would bo very rapid, 
and, as a conBoquanp.o,' tho hy- 
drogen would not bo ’perfectly 
purified, or- tho wator entirely 
absorbed lu tho tubes placed for 
this. purpose. In (die third nock 
Of thaJjVoulfo's bottle is a tube 
conducting the hydrogen to tho 
purifying apparatus, consisting- 
of eight U tubes, doBlinml for 
the purification arid tasting of 



the hydrogen. Tho hydrogen, evolved by sine and sulphuric acid, is purified by 
passing it first tlirough a tube full of pieces of glass moistenod with a solution of 
-Load nitrate next through .silver sulphate-, the lead nitrate retains sulphuretted 
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ftoocptod that tmter contain# dghfc parts % umght of a&ygm to ona pari 
by might <f hydrogen. By whatever method water I* obtained, it vHl) 


hydrogen, and emriiureited hydrogen ia retained by lint lube with idlvwr sulphate. 
Caustic potash to the mi t U tulw> mtstom arty acid wlttfli might wtiw »»vet. Tim 
two following Hhm m filled with lumps of dry c»o*ti«- p. tetUi m i enter a* cU>«,vb 
any carbonic anhydride and moisture which tb« hydrogen might omUun, The next two 
kitten, to remove live last trueon id Budatam, imp filled with ph*>«ph>in<-- anhydride, mixed 
with lumps >4 pumlMuatone. They are imm»ra«t m a trwm ng muter**. Thu m««0 
U lulio contains hygroscopic mih«taftee», ami m weighed t*d«r*» the experuuMii , thin la 
In order to know whether the hydrogen passing through still retains any moisture. II it 
does imt, then the weight of thi* tuha wtU n«>t vary during the whole exjwnrownt. hot 
It th« hydn >gon evolved still retains iwintere, Uu> int«> mil imiww in weight, Th® 
unpper oxide n» placed in th«« bulb, which, prortoiia to the e*j»rnn»nt, i» dried with thd 
(Kipper oxid« for a long poifod of lim« The «if i® then exhausted from it, in order to 
weigh tltn oxide of copper in ft vacuum and to avoid Urn toed »•( a «.*r motion f..r weigh* 
tog in air. Th« bulb to KUftita t<! infusible glass, that it may U* able to withstand a 
lftngthy (SiH hour*) cxpnMire to a r«d heat without changing in form T)n> weighed bulb 
in i«dy omul noted with the purifying apparatus alter the hydrogen hu# through 

for a long time, and after exj*wriment has shewn that the hydrogen j wising from live 
purifying appuratua to pure and does not contain any air. On pa suing from tin* eon* 
deni, lug bull* the gaa and vapour totter into an Apparatus) for absorbing the taat true** id 
mototaro, The find U tubu dentate* j of ignited potato, too second and third tuba# 
phoxphwio anhydride at pumioo.»t«mo moistened with awlphun** mud Th*»l<w»t >4 tom 
two to employed far dwtermiuteg whether all llw moisture I* absorbed, and la toerofore 
walghad aopumtely. Tins final tuba only twrvea ** a safety tube fur the whole apparatus 
to order that the external moltktw should not peiMtiwte into n Tim glana cylinder 
contain* sulphuric amid, through which Urn «*xc##« of hyihrugen paenma; it onahto* tom 
rate tvfc which the hydrogen to ntoleed to he judged, ami whether it* amount sin m hi be 
diMtrciwiml or luemied, 

■When the apparatus to fitted up it must l«* «wn that all it* part* »r« hermetically 
tight before commencing the experiment. When Urn pwrinuidy weigWt j*v»t« am c»»a» 
neeted together and the whole apparatus put into couuauutoatom, then Urn hulh «mtai»* 
lag Uw copper oxide to heated with a npiril lamp (rod actum <h«« tn.t toko plmm without 
tlm aid of heat), and Die mduction of the copper oxide tlmn tob»» jdatw, and w»tor in 
formed, When nearly all too enpjwr oxtd« in reduce*! Urn lamp t« removed and the 
apparuluu allowwl to cool, the current of hydrogen heligi U«>p** up all tin* tiitvw. When 
ocxd, the drawmott! end of the hulh i» h»ae<l up, ami tow hydrogen rwruatuing in it it 
ixhauatod, In order limt the enpjuw may \m again weighed in a vaminm The ahaorhiug 
apparatui! remains full of hydrogen, and would livemforw prewent a \pm weight than if it 
were full of air, u It wa» heforw tow experiment, and for tow tmmm, having diacnmvwUd 
tlm wpptsr Mtidn hulh, a current of dry «r to pcuwal through it until tin* paamug tom 
ton glatta cylinder to Quito free from hydrogen. The rondrn»»jig hull* and th*» two tuba® 
next to It turn town weighed, in onW to determine tow tpmniiiy of water formed. iHtmad 
repeated this axpnriment many Umna. The uwagu mwlt waa that water «mW*» 
1980*8 parts of hydrogen per 10, TO) parts of oxygen. Making a tomwliaii for th<» amount 
of air oontoiaed In tho wulphurin sold employed for produelttg the hydmgou, Pumas 
obtained the average figure 1981*8, bclweett tlm extmawi 19419 ami ls«V9- Thto 
proves that par l part of hydrogen water contains 1-ttWti parte of oxygen, with a pmnubte 
error of not more than f (ja, or 0*08, In to® ftraouut of oxygen per 1 purl of hy dmgwn, 

Erdmann and Marohand, in eight determination*, found tout fwr IP,«M) p&rte of 
oxygen water contains an average of 1,988 part* of hydrogen, with a doforcure of from 
1,888.8 to 1,948*7 1 hence per 1 part of hydrogen there would to* 1 W§i of wvmwito m 
error of at least 0*08, 

Kelser 18881, la America by employing palladium hydride, and by totrodoring 
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always present the same composition. Whether it be taken from nature 
and purified, or whether it be obtained from hydrogen by oxidation, or 
. whether it be separated from any of its com pounds, or .obtained by some 
‘ double decomposition — it will in every case contain one pari; by. weight 
of hydrogen and eight parts of oxygen. This is because water is a definite 
chemical oompound, Detonating gas, from which it may be formed, is 
a simple mixture of oxygon and hydrogen, although a mixture of the 
same Composition os water. All the properties of both, constituent 
gases aro preserved in detonating gas. Either one or the other gas 
may bo added to it without destroying its homogeneity, the funds* 
mental properties of oxygen and hydrogen are not found in water, and 
neither of the gases can be directly oombined with it. But they may be 
evolved from it. In the formation of water there is on evolution of heat ; 
for the decomposition of water heat is required. All this is expressed 
by the words, Water is a definite chemical compound qf hydrogen with 
oxygen. Taking the symbol of hydrogen, H, as expressing a unitquan* 
tity by woigbt of this substance, and expressing 16 parts by weight 
of oxygon by 0, we can formulate all the above statements by the 
chemical symbol of wator, H fl 0. As only definite chemical compounds 
•euro donotod by formula), having denoted tho formula of a compound 
eubstanoo we express by it tho entire series of properties whioh 
go to make up our conception of a definite oompound, and at the 
same time the quantitative composition of tho substance by weight. 
Further, os wo shall afterwards see, formulae express tho volume of 
tho gases contained in a substance. Thus the formula of water shows 
that it contains two volumes of hydrogen and one volume of oxygen. 
Besides which, we shall learn that the formula expresses the density of 
the vapotfr of a compound, and on this many properties of substances 
depend, and, as we shall learn, determine the quantities of tho bodies 
entering into reactions. This vapour density we shall find also deter- 
mines tho quantity of a substance entering into a reaction. Thus the 
letters II „0 toll tho chemist tho entiro history of the- substance. This 
is an international language, whioh endows ohomistry with a simplicity, 
oloarooss, stability, and trustworthiness founded on the investigation 
of the laws of nature. 

various fcrosh prooautions for obtaining' accurate rosnlta, found the composition of water to 
bo 18'08 ports of oxygon per 9 of hydrogen. 

Certain of the latest .determinations of tho composition of water, as also those mode 
by Dam ay, always give loss than 0, and on tho average 7D8, of oxygen per 1 part of 
hydrogen. However, not one of those figures is to bo entirely depended cue, and (or 
Ordinary aoouraexJt may be considered that 0^1(1 when H*»l. 

*8 
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chapter rn 

OXYORN AND TUB OTIIBF ASPECTS OW IT® 8A*4« OOMDHfATfOWS 

On tho earth's surface there is no other element which is «a widely (Jig. 
tribute*! as oxygen in it# various compounds. 1 It makoi up eight-ninths 
of the weight ol water, which occupies the greater part of the earth's 
surface. Nearly all earthy substances and rooks etmsutfc of coni pounds 
of oxygen with metals and other element*. Thus, the greater part of 
sand is formed of silica, 8iO», which contains 03 p.e, of oxygon ; olay 
contains water, alumina (formed of aluminium and oxygon), and silica. 
It may be considered that earthy subitanota and rook* contain up to 
one-third of their weight of oxygen ; animal and vegetable subetanoos 
are also very rich Jn oxygon, Without counting the water present in 
them, plants contain up to 40, and animal* up to 20 p.o. by weight of 
oxygen. Thus, oxygon compounds predominate on the earth’s surface. 
Besides this, a portion exists in a free state, and is contained in admix* 
turo with nitrogen in th© atmosphere, forming about one* fourth of its 
mass, or one-fifth of its volume. 

Being so widely distributed in nature, oxygen plays a very im- 
portant part in it, for a number of the phenomena which take plane 
before us are mainly dependant on it, Jmmab kmaths air in order 
to obtain only oxygen from it, th© oxygen entering into their respiratory 
organs (tho lungs of human being* and animals, tho gill* of fishes, and 
the traohro of insects) j they, *o to say, drink in air in order to absorb 
the oxygen, Th© oxygen of th® air (or dissolved in water) ymam 
through the membranes of th# respiratory organs into tho blood, is 
retained in it by th® blood corpuscle*, la transmitted by their mean# 
to all parte of the body, aid* their tranafomatteui, bringing about 
chemical processes in them, and chiefly extracting carbon from them 
in the form of oarbonio anhydride, tb# greater part of which j»mm 
Into the blood, is dissolved by it, and is thrown off by the lungs during 

. . * a# MprdR the Interior ©t tbs earth, it prtbahtf eeoteiiM ter tots* axypa mm* 
potmae than the aorfeoe, J»%las fey the aemawlaM evitbww^ of the wwta'e origin, of 
mete^tea of the earth’s density, Ae. (m Chapter VIO, Note «, and Chapter 
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fhe absorption of the oxygen. Thus, tn the process of respiration 
carbonic anhydride (and water) is given off, and t|je oxygen of the air 
absorbed, by which means the blood is changed from a red venous 
to a darh-red arterial blood. The cessation or this process causes 
death,, because then all those chemical processes, and the consequent 
beat and work which the oxygen introduced into the system brought 
about, cease. For this reason suffocation and death ensue in a vacuum, 
or In a gafe which does not contain free oxygon, i.e. which does not 
support combustion. If an animal be placed in an atmosphere of free 
oxygen, at first its movements are very active, and a general invigor&tioo 
is remarked, but a reaction soon sets in, and death may ensue. The 
oxygen of the air when It enters the lungs is diluted with four volumes 
of nitrogen, which is not absorbed into the system, so that the blood 
absorbs but a small quantity of oxygen from the air, whilst in ao 
atmosphere of pure oxygen a large quantity of oxygen would be 
absorbed, and would produce a very rapid change of all parts of the 
organism, and destroy it. From wbat has been 6&id, it will be under* 
stood that oxygen may bo employed in respiration, at any rate for a 
limitod time, When tho respiratory organs buffer under certain forms of 
suffocation and impediment to breathing.® 

The combustion of organio substances— that is, substances which 
make up tho composition of plants and animals — proceeds in the same 
manner os the combustion of many Inorganic substances, euoh as 
Sulphur,, phosphorus, Iron, &o., from the combination of these substftnoea 
with oxygen, as was described in the Introduction. The decomposi- 
tion, rotting, and similar transformations of substances, which proceed 
Around ns, Are also very often dependent on the addon of tho oxygen 
of the air, and also reduce it from a free • to a combined state. The 

' It to evident that tho partial pressure (eoo Chapter I ) acta in respiration. Tho 
researches of Paul Bert showed this with particular clearness. Undor a pressure of one* 
'filth oi an atmosphere consisting ol oxygon only, animals and human beings remain, 
under tho ordinary conditions ol tho partial pressure oi oxygon, but organisms cannot 
( support air rarefied to one-fifth, for thon tho partial 'pressure of tho oxygon falls to one» 

, twenty-fifth of an atmosphere. Even under a pressure of Ouo-third of an atmosphere tiro 
regular life of human beings is impossible, by reason of tho impossibility of respiration 
(because of the decrease of solubility of oxygon in tho blood), owing to tho small partial 
pressure of tho oxygen, and not from any mooliaaiaal efioot of the decrease of pressure). 
Paul Bert illustrated all this by many experimonto, somo of wlxich ho conducted on him* 
eelf. This explains, among other thii]gs, tho discomfort felt in tho asoent of high moan* 
tains or in bolloouB when the height reached oxcoods eight kilometres, and at pressures 
below 260 mm. (Chapter II., Note 28). It is evident that an artificial atmosphere has 
to bo employed in tho ascent to great heights, just as in submarine work. The cure by 
oompreiuwid and rarefied air which la practised in certain illnesses is based partly on 
the mechanical action of tho change of pressure, and partly on the alteration in the partial 
pressure of tho respired oxygon. 
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majority of tbo compounds of oxygen are, like water, very stable, and 
do not give up their oxygon under the ordinary condition^ of nature. 
As those proocs&OB are taking place ovorywhorts it might be oxjtcefced 
that the amount of free oxygon in tho atmosphere should deemute, 
and this doe mum should proceed Bournwhat rapidly. This to, in fact, 
observed where combustion or respiration proceeds in a okutml upaoe. 
Animals suffocate in a closed space because in consuming the oxygen 
tho air remains unfit for respiration. In theaamo manner combustion, 
after a time, coasoa in a dosed apace, which may be proved by a very 
ei tuple experiment. An ignited substance — for lnatomxs a pi two of bum* 
ing sulphur — hna only to be placed in a glass fiaak, which is then closed 
with n stout cork to prevent tho oem# of tho external air j combus- 
tion will proceed for a certain time, so long as the (task mm tains any 
jfroo oxygen, but it will cease when the oxygen of tho enoloaed air has 
combined with the sulphur. From what has Uwit anid, it is evident 
that regularity of combustion or respiration require* a constant renewal 
of air '-Umt is, tliat the burning substance or respiring animal should 
have access to a fresh supply of oxygen. This is attaint*! in dwellings 
by having many windows, outlets, and ventilators, and by (dm current 
of air produced by fires and stoves. A»s regard* the air over tho entire 
earth’s surface its amount of oxygen handy dtK'mtMw, because In 
nature there is a process going on which renews the supply of frm 
oxygen. Plants, or rather their leaves, during daytime , 11 under the 
influence of light, absorb carbonic anhydride CO„, and eiidt v/V*w < vrygsn. 
Thus the low of oxygen which occurs in consequence of the respiration 
of animals and of oombustion is made good by plants, II a leaf i«> 
placed In a hell jar containing water, and earltonb anhydride (because 
this gas is absorbed and oxygen evolved from it by plant*} be passed 
into tho boll, and tho whole apparatus placed In sunlight, then 
oxygon will accumulate in tho boil jar. This wtperinnmt was first 
mode by Priestley at tho end of tho last century. Thus tho life of plants 
on the earth not only serves for the formation of fowl for animals, hut 
also for keeping up a constant percentage of oxygon in the aUncMphem 
In. the long period of the life of the earth an equilibrium has Uwm 
attained between the process** absorbing and evolving oxygen, by 
which a definite quantity of fret oxygen is preserved in tho entire man 
of the atmosphere,* 

* At night, without th* action at Tight, without tbs absorption »4 UmI *&*rgy wbteh t# 
required for the daoompoaltlan of wimk anhydride into tree mjwttt au t «wrbcm (wbteb 
ift retained by tho plants) they breath* Tito wateala, ihmMw «*MP» «*4 •vnlving 
owfbouio aalwdride. This proeew# altm p m on «4» by w4» with viw rmmtrn pn«*M» la 
Wio daytime, hut It la then for feebler (ban that whtoh giy«» tmygan. 

* Tho earth 1 * wpffoee is equal to about 810 million eqoare MUmIsw, mi the mu* el 
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Oxygen was obtained as ah independent 'gas in. 177 4 by Priestley in 
England and in the same year by Soheele in Sweden, but its nature and 
great importance were only perfectly elucidated' by Lavoisier. 

Free oxygen may be obtained by one or oibber method from all the 
substances in which it occurs. Thus, for instimoe, the oxygen of many 
eubstances may be transferred into water, from which, as we have 
already seen, oxygen may be obtained, 5 Wo will first consider the 
methods of extracting oxygon, from air as being a substance ovory whore 
distributed. The separation of oxygen from it i% however, hampered 
by many difficulties. 

From air, which contains a ■^niature of oxygen and nitrogen, the 
nitrogen alono cannot be removed, because it has no inclination to 
combine directly or readily with any substance.; and although it does 
combine with certain substances (boron, titanium), these substances 
combine simultaneously with the oxygen of the atmosphere. 0 However, 

,the air (at a, proseuto of 760 mm') bff,oach kilometre of surface U about 10J thousand 
•milliono of kilograms, or about 10J million tops ! thoreforo the whole weight of tho atmo* 
j sphere Is about 6,100 million million (•=. 61 x 10 1 *) tone. Consequently thoro aro abput 
21 x 10 10 tons of froo oxygon iu tho earth's almosphoro. Tlio Innumerable aortou of pro. 
ooqsos which absorb ,a portion of this oxygoti aro compensated for by the plant proommos. 
Assuming that 100 million tons of vogetablq matter, containing 40 p.o. of oarbon, formed 
from carbonio acid, aro produced (and tho same prooeBB proooods in wator) por year on 
tho 100 million square Idlomotres of dry land (ton tons of roots, loaves, stoma, <xo., por 
hootoro, or rfiv of a squaro kilomotro), we find that the plant life of tho dry land gives 
about 100,000 tons of oxygon, whioh is an insignificant fraction of tho entire mass of the 
oxygon of tho <dr. 

6 Tho extraction of oxygen ttbm -water may be effected by two processes i either by 
tho decomposition of ’water into its constituent parts by the action of a galvanic currant 
(Chapter XL), or by mc’aiiii of hie removal of {lie hydrogen from water. But, as we have 
coon and already know, hydrogen outers Into dlrefit combination with very few substance®, 
and tlien only under special circumstances ; whilst oxygen, as wo shall soon learn, oom* 
bines with dearly all substances, Only gaseous chlorine (and, especially, fluorine) (a 
capable of decomposing water, talcing up the hydrogen from it, without combining with 
tho oxygen. Chlorine 5 soluble In water, and -if an aqueous solution of chlorine, so-called 
chlorine water, bo poured into a flask, and this flask bo inverted in a basin containing 
tho saino clilorino wator, thon wo shall have an apparatus by means of whioh oxygen may be 
cxtractod from wator. At tho ordinary temperature, and in tho dark, clilorino does not 
aot on wator, or only acts very feebly ; but under the action of dlroot sunlight chlorine 
decomposes wator, with tlio evolution of oxygon. Tlio clilorino then combines with tho 
hydrogen, and gives hydrochloric ao(d, whioh dissolves in tlio water, and therefore froo 
oxygon only will bo separated from tho liquid, and it will only contain a small quantity 
of clilorino In admixture,' which can bo easily removed ,by jtaasipjj the gas through & 
solution of oaustlo potash, 

0 A difference in tho physical properties of both gases cannot bo hero taken advantage 
of, because they sro very similar in this respect. Thus the density of oxygen i» 16 tiroes 
and of nitrogen 14 times greater than tho density of hydrogen, and therefore porous 
vessel 8 cannot bo hero employed— the difference between the Ume» of their passage 
through a porous surface would bo too insignificant. 

Grohata, howovor, suoccodod in enriching air in oxygen by pasting It through india- 
rubber, This may be done in the following way A common india-rubber ouchhm, » 
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oxygon may bo separated from air by causing it to combine with sub* 
stances which may bo easily decomposed by the action of heat, anti, in 



(Pig. 07), l» Uk«m, oud it *t orifice faermeUmilly oonnwstoA with «u mr pump, or, 
still, a mercury upltotor (the Sprattgri pump U teMfwsM by fe*» Uii.»re a, c, »). When 
the a#p!rak>r (Chapter II., Not** 1ft) ha* pampas! out fes air, which wmJJ be mhi by fee 
mercury running out in an almml Bnlatsrrnpiod‘«tw«n, mA from a* »Uo»ltag approfe 
mutely at the barometric height, feta it maybe olatttyobearte*! tUt *«• {**•*« through the 
. h»<!i» rubtw>r. Tht# l* «!»* «#o 

* ' from fee Ut feat bubble* of ,(*» 

©nttltoualljr pm* uJwtg with the 
emtrmy A min « * prueear* may 
b# e«»»fey»Uy MatoUlnet! |« the 

<m#bs«*» by pwurmg mtmwf 
feh* Ih* fannel a, amt ecrewlng 
up fe» pthetteoak C, fkt that fee 
etawarn flowing tnm it i# wn*H, 
atut fe«w a portbm of fee atr 
P***fe* through fee Wle. 
rabbet will ba «wri#4 »S««^| 
wife dm mercury. Thta at* 
may b» <*4lw>te4 ti» fee eylla> 
Am, a. It* «**taj,»f«sitJkm prwte 
to W about 40 toluMtea of 
Wtyjfwn wife M of at 

feflfe®, mA . «ri rot tuna of «jf» 
teente «fey 4rt4»,*hl!®t ordinary 
Sir #ssWi« only ii voIumm 
of mry«w« to 1 W» A 

*q»ar« metre of ii»4iw rubber 
Wht# i->f fee ##itai feteh»«s*) 
pa*»e* «Ik*o1 4# *« nf aufe air 
per hoar ThSa rnnpmmmh 
dourly «fww« that i?5-s».i rubber 

l* pmmtmbh* to ga#«s This 
way, by fe® way, b# ob#m«l 
la eoftmuat toy b*)b»aw» ftlhul 
wife anal'gM. They fail after 
a day or two, oat b(#«a** there 
are b«4»# to them, bat boeacMe 
«4r petwtraWw into. amt feu tp* 
(iom,tb»tr intern*, fer**u§h fee 
earfitoe «4 fee taAto- rubber of 
whieh they wra tnada. The 
rate of dm pwmq* of fstoet 
fereusb tonUa-nfebee *W# u*»l, 
m MiteWl «to4 itmhm* ehowud, 
flapfed m tb*tr ttatstfei«, and 

H *«•£«** ** mm »— «aM s * fUe^fei^feet fe 

velum** of §m* ptmAmk » fem# twtew 
w ktol» swrfetMi te Mfe ofe» m Maws ,«*- 4 wtwiftteMhydri 4 t, 

«»iioMy than other pees. MU volumes of mypa and »>»# of oaitoJb 
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so doing, give up the oxygen absorbed— that is, by making use of re- 
versible reactions. Thus, for instance, the oxygen of the atmosphere 
may be made to oxidise sulphurous anhydride, S0 4 (by passing direotly 
over ignited spongy platinum), and to form sulphuric anhydride, or 
sulphur trioxide, SO s ; and this substanoe (which is a solid and volatile, 
and therefore easily separated from the nitrogen and sulphurous 
anhydride), on further heating, .gives oxygen and sulphurous anhydride. 
Caustic soda or lime extracts (absorbs) the sulphurous anhydride 
from this mixture, whilst the oxygen is not absorbed, and thus it is 
isolated- from the air. On- a large scale in works, as we shall afterwards 
see, sulphurous anhydride is transformed into hydrate of eulphurio 
trioxide, or sulphurio acid, H a S0 4 ; if this is allowed to drop on to 
red-hot flagstones, water, Sulphurous anhydride, and oxygen are obtained. 
The oxygen is easily Isolated from this mixture by -passing the gases 
over lime. The-extraction of oxygen from oxide of meroury (Priestley, 
Lavoisier), which is obtained from mercury and the oxygen of the 
atmosphere, is also a reversible ' reaction by whioh oxygen may be 
obtained from the atmosphere. So also, by passing dry air through a 
rod-hot tubo containing barium oxide, it is made to combine with the 
oxygen of tho air. In this reaction fcho so-called barium peroxide, 
BaOj, is formed from the barium oxide, BaO, and at a higher tempera- 
ture tho former ovolves the absorbed .oxygen, and .leaves the barium 
oxide originally taken. 7 

anhydride ponotrato In the aatno time as one volume of nitrogen. By multiplying the so 
ration by tho amounts of these gases in air, wo obtain figures which are In almost tho 
same proportion aa tho volumes of the gases penetrating from air through india-rubber. 
If the proooss of dialysis be repeated on tho air whioh has already passed through India- 
rubber, then a mixture containing 05 p.o. by volume of oxygon Is obtained. It may be 
thought that the cause of this phenomenon is tho absorption or occlusion (»oe Chap. H., 
Note 87) of gbsos by india-rubber and the evolution of the gas dissolved in a vacuum ; and, 
indeed, india-rubber does absorb gases, especially oarbdnio anhydride. Graham called tho 
above method of tho dooobapooition of air atmolysit. 

. 7 The preparation of oxygon by this method, whioh is due to Bouesiogault, isoondaotod 

in a porcelain tube, wlxioh is plaood in a stovo heated by oharooal, so that its ends project 
beyond tho stovo. Barium oxido (which may bo obtained by igniting barium nitrato, 
previously dried) ie plaeod In tho tubo, ono ond of which is connected vritb a pair of 
bollows, or a gas-holdor, for hooping up a current of air through It. Tho air is previously 
pawed through a solution of oaastio potash, to remove all traces of oarbonio anhydride, 
and it is very carefully driod (for tho hydrate does not give the peroxide). At a 

dark*rcd h&at (500-000°) tho oxide of barium absorbs oxygen from tho air, so that tho gas 
leaving the tube consists olmoet entirely of nitrogen. When tho absorption ceases, tho air 
will pass through tho tube unchanged, whioh may bo recognised from tho foot that U sup- 
ports combustion. Tho barium oxide is converted into peroxide under these olroumstanoee, 
and eleven parts of barium oxide absorb about one part of oxygen by weight. When the 
absorption ceases, ono ond of tho tubo Is closed, a cork with a gas-eondnoting tube is fixed 
into the other cud, and tho heat of fcho stove is inoroasad to a brighi-md heat (800°). At 
this temperature the barium peroxide gives up all that oxygen which it acquired at a dork- 
rod heat— U, about one part by weight of oxygen is evolved from twelve parts of barium 
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Oxygtm to evolved with particular himmi by a with!© mrtm of nmt%hh 
oxygon compounds, of which we *h*ll promt! to uk« ft general survey, 
remarking that many of those motions, although not all, l*>lr*ng to the 
number of revenribl© motion# j 8 m that In order in obtain many of 
those substances (for l&etanoe, potassium chlomto) rich in oxygen, 
recourse mu&t ba had to Indirect untie 4s (mm Introduction) with 
which we shall become aetpuduted In the canm of this hook. 

1. The cmpmituh of c&yp*n with certain imU)% and csjtoeUlly 
with the no-called noble metal# ~th#t u», mercury, silver, gold, and 
platinum— having once been obtained, retain thrir oxygon at tlm ordi- 
nary temperature, but part with it at a ml heat. The eomjtouml# or# 
solidf, generally amorphous oud infusible, and are coolly dt«H»ni{*wt?d by 
heat Into the metal and oxygon. Wo have m>u m oxompln of this In 

peroxide, after the etelattea at the exjngww tb»m maste* te* barium e* 4 « «b# 4 » -*m, 
originally bvltew, so teat air may U* again | 'S* * » d fttef it, o* 4 ten* tb» { repafalk * %4 
tnm one and the same ijuantity of b*r(<ua hiajU iswtjf time*. tteyga# 

liw» IhhjU produced one hundred Uu**# fft*tu sum* tu*s*t*f oxide by thin ; all tea iws. 

wwwy precaution# bring tek*u,Mi rtfaM# tea temperate*# *4 tee *«a*# aud tea y*Ma**l 
of woUture nud ewhMjlfl acid trout the sir. U *d«» te®## tea taka «, tea mm 

of ©ride soon spoil#. 

A# oxygen my beeome of eonritkmible tateeteal *»*>, fr**u It# rapacit* f.-r (firing 
Wgb temportrioreH sad (ntoSM light in the etituteuritaB *4 auWt*4uia». It* 
dlteoUy from sir by praettad m eth od# tow# a ptwhlam n» 4 «t««o moiy ie<<«#U. 

gator# continue to work at up to tee pN*wt day. The *w«»t ptaetteri *<««te .1* »<» ttean 
of T##»ll du Malay and Kaewwr, The fieri i# hew*} «» te® f««t teat » misuMi* »>f *ijmf 
weight# of matipneee peroxide and eaurite eoda at m intlptoni »«4 fecal tatesat >*/&“) 
absorb# oxygon from air, with the separate*! of water, Memfrimg fee te» ► 

UNaHO + 0 »■ Nft^MaO* + U«Q. U mfmrktmte 4 #tea», at a tet»$#Mrat«r« «t atemi tfttr*, 
l» Uum pa##«d Uuroagh the inlxtum, kb» mrngmmm a»s 4 w' 4 # 

taken au> wjpnor#tdl, and tb« exygao tw>W by lb*ii« te M»««r«Us» g tit» r«tssfr* 

oqualion N(%M.nO, + 11,0 m MnCk >r iNiliO 1 0. TWa « 4 |*r®f«ari4s« *.*#?#»» i*-»f l*a 

repoated far an infinite ntu&ber w tiawsa. Tb« cutygan l#s wwbiiife* liberate* water, mA 
ateam, noting on tbn rastUtenl imb*te«e*, «v«dv»* taygw. lUmm all U«»t l« r»<)«tr *4 fs* 
the preparatitm of t«ypn by tW« mrtb*«l i« f «4 w»i Uw al tetmte eabUn* *?<f ti» #«g|4y 
of air and #team. Xn lUa«nwr'« 'pmmm (b‘8tj * mixtwr »«4 etete * f \mA w * 4 Uii»« I pu t « 
SOaO) l# boated to ik«Iu# 6# ba tbs pr<nw**«e ,4 abr, p*$$m fe* tH«a a **4 waki%« 

plnmbate, Oa^l'bO*. tea^L. Xl>« latter ltd# wtteiir, mat ■>*» fwnber beaiteg 

avolron wygen and give# the tsrlgteal l«UJ ♦ tGsO—tfe* \\ y»® |.b»rH>.ro»tom f* 

eituontlftlly tee mm M in pro#M fwitb !te< HI, bat ar«*.«t4te# te te# t bate* 

liar (W0ft) tee diasooifttiwi teaito of tee wxype et»te«4 tom t*%| 'Ut, l* )•#• linos «rtth 

BaOa at egeai tempwatem \ ter tetemee, at »*, in *»», ,4 mmmrt l«t te® ftt«t, m 4 

fo* tba latter §10 man at fMf\ wnd 0?t) »m, at white ter Cs'l’bn, tet* t# t#Af 

reaobed at l,0ft0^ < Kowevw, te Kssenw*# teg rsiyttei t# »teis«rt*i«| m# r*p4ly, 

iwnd tho Indnenoe of tee preewws «f mdmrn and CO* in te« ate I* t*i *«* mmkm\ m tete 

«Wb proee##, like teat of $e^W In Motey, «wA»aiif*. 

* Ewn the le«<*9positiaa ©f mrni^mm pemM® h wv«wM% m 4 Si may U r«* 
obtained teem teat tml:<i*ido (or itg sslte), whieh i«s fet^sd #a te# «f-<4attea wl (wttfeia 
(Chap. XI,, Kota 8). The compound# of rbrotagi Mid, ea te b bn tea i.NK.% l» 

orolvingoxygen give cbromlum eaUla, 0r#0s, but tesy ^f 

wbep boated toorelneesi to ate ud^i ,m aUmte 
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speaking of tho decomposition of mercury oxide. Priestley, .in - 1774, 
obtained pure oxygen for the first time by heating meroury oxide by 
moans of a burning-glass, and clearly showed its difference from air. 
He showed its characteristic property of supporting combustion ‘ with 
remarkable vigour/ and named it dephlogisticatod air. 

2. Tho substances qhUed peroxides 5 ovolve oxygen at a greater or 
loss heat (and also by 'the action of many acids). They usually contain 
"metals combined with' a largo quantity of oxygon. Peroxides are the 
highest oxides of oortain metals ; those metals which form them gene- 
rally give several compounds with oxygen. Those of the lowest degrees 
of oxidation, containing the least amount of oxygen, are generally sub- 
stances which are oapable of easily reaoting with acids— -for instance, 
with sulphuric aoid. Such low oxides are called bases. Peroxides 
.contain more oxygen than the bases formed by the samo metalB. For 
example, lead oxide contains 7T parts of oxygen in 100 parts, and is 
'basic, but lead peroxide -contains 13 ’3 parts of oxygen in 100 parts. 
Manganese pewxide- is a similar substance, and is a solid of a dark 
colour, which occurs in naturo. It is employed for technical purposes 
Undor tho namo of black oxide of manganese (in Gorman, 1 Braunatoin/ 
the pyrolusito of the mineralogist). Peroxides aro able to ovolvo 
bxygen at a more or loss otovatod tomporaturo. Thoy do not then part 
with all their oxygen, but with only a portion of -it, and aro oonvortod 
into a lower oxido or base. Thus, for example, lend peroxide, on heat- 
ing, gives oxygen and load oxido. Tho decomposition of this peroxido 
procoods tolorably easily on heating, even in a glass vessel, but manganoso 
peroxide only evolves oxygon at a strong red heat, and therefore oxygen 
can only be obtained from it in iron, or other metallic, or day vessels. 
This was formerly the method for obtaining oxygen. Manganese 
peroxido only parts with one-third of its oxygen (according to tho 
equation 3Mn0 8 e=Mn B 0., + 0 a ), whilst two-thirds remain in the solid 
substance which forms tho residue after heating. Metallic peroxides 
aro also oapable of evolving oxygon on heating with sulphurio add. 
Thoy fchon ovolvo just that amount of oxygon whioh is in oxccss of 
that necessary for tho formation of tho base, the latter roacting on 
tho sulphurio acid forming a compound (salt) with it. Thus barium 
peroxido, when heated with sulphurio acid, forms oxygon and barium 
oxide, whioh gives a compound with sulphurio aoid termed barium 
sulphate (BaO a + II 2 S0 4 =BaS0 4 -f II 3 0 4- 0).° b, » This reaction usually 

0 Wo Hluill afterwards aoo that it is only substances liko barium peroxide (wh(oh 
#ivo hydrogen peroxido) whioh should be counted aa true peroxides, and IhatMnOfcPbOj,. 
&c,, should bo distinguished from thorn (thoy do not give hydrogen peroxide With acids),, 
turd therefore it is best to call them dioxides, 

P si* peroxide of barium also gives oxygon at the ordinary temperature in the presence* 
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ptooeedf with greater ease than the deaonpMitinn of peroxides by hmM 
alone. For the purposes of experiment powdered mMgsuBw poruxkto k 
usually taken and mixed with strong sulphuric mnl in a flask, and tha, 
apparatus set up us shown in Fig. 2«. The gw which is evolved i§ 
passed .tit rough a Woulfe's bottle ooataluiiig a aolulnui of caustic potash* 



to purify it from carbonic anhydride and chlorine, which amwipany the 
evolution of oxygen from (x*muMrei*d manfs4mepem*id#s amt the gm » 
not collected until a thin sttmuhterfag taper pi*w«t in front of the escape 
orifice bursts into flame, which shown that the g«ws coming off U oxygen. 
By this method of decomposition of the nuaigaocMn pwr^xidc hy «ul- 

of the solutions of aunty nabsteMwe la a higher tiwgtm «| In ua» *• 

may mention that Ktowner (i«00) pwjm*#* to wl»4*it* **syg«» l <r tAfe**rwl»wj' fntrfmMNi hf 
mixing BaO* with FetydNl# (red twoswate of {Mesh, Chajasr XXJIj. Ww» rwwtMi 
proceeds with the evoluWoa t>( oxygen *v«n o» the «44tt»*w «f « *»r* «a«*)l at 

water In order to ensure a gradual e»*4tttt«*» »4 g*« Use Mttfcnr fwwpMMm t < tHtfudam 
hoth trobsteaee# lots th« ntsetteu, little hy btlte, MmteawS e# *11 m »mm, ®ls«* m*y h» 
done with the following amui£*tn#ttt (Q*veinft»kf} i»«4f .|w»*t*w»4 »4 

is placed la an erdtearf ftwk and wriM e at water i» «4>M «*.» ill ifc*> n«#Ss nm thtnl 

fall. The eork elntsing the 6 Uudt lew three tetee j fit ter the tat* , m for 

a uni to ntht the BaO, i end («t for a glass *4 ts rmtast lng *» » |*wf*w*«*4 *!««* «m*tf 
xxmtalntag crystals of FeE*(Oi % When tt {a >Ms *4 hi *&*$% th» *4 t*« 

oxygen, lbs vessel w tefewd watfl it is i«ro*#f«#d la the Ia§»s4 in tb* &wh. ««4 tu tuo, 
Is utlrrad with the ottwr rod, The msttau pmeeads ’mmrn4im$ k» ih» tlaO, ♦ 

SF«K,(CN) # *. P*K4{QHh+ FeK^MCHh * T he 4*s*hte fcwSt, |Ss|ts«tl*ff t,. rrr«t*ti»«M 
out from the wdto Ugnon To nlmtHf tie smsm* <4 tt» ra*urt&wst« it mmU femme 

bowel B&Ojj is of a higher tb-gran of oshfettea, and that it pmu with **sy«**> *»4 gi*** th» 

baae BaO whitsh miter# into the wm$m «dt FsJCgftsfClVfe,* Jftgea % * men * 

sad tWa latter «*B&Q + fMOM«MtG» F*l^|Clii a mmirnm th» *«lt Fs^rKhi 

^*d«h she «»m»{Hsndo to Mss higher dip*# of *4 mm, f*i%Ofe alter Ohs 

reaction a edit ts obtali»<l whkh e Mrt s faw flgKlti and a«rfwf*«i# t» «tw \rmm t*gtm «f 
oridatlon, FoQ,flo that (la the pr«w««d[ waiwH*jf«*» a ate a«l«M « s to At# «t*% 
the motion given lower depees of osfMon aril 
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phurio acid there is evolved, not, as in heating, one-third, bnt one-half of 
the oxygen contained in the peroxide (MnO a -f-H a 30 4 =«MnS0 4 + H a O 
+ 0)— that is, from 50 grams of peroxide about grams, or about 5| 
litres, of oxygen, 10 whilst by heating only about 3$ litres are obtained. 
The ohemiats of Lavoisier’s time generally obtained oxygen by heating 
manganese peroxide. At the present time moro convenient methods 
are known. 

3. A third source to whioh recourse may bo had for obtaining 
oxygen is represented in acids and sails containing muqh oxygen, 
which are oapable, by parting with a portion or all of their oxygen, 
of being converted into other oompounds (lower products of oxidation) 
which are more difficultly decomposed. These acids and salts (like 
peroxides) evolve oxygen either on heating alone, or only when in the 
presenoe of some other substance. Sulphurio acid may bo taken as on 
example of an acid whioh is'deoomposed by the action of heat alone,. 1 * 
for it breaks up at a red heat into water, sulphurous anhydride, and 
oxygen, as was mentioned before. Priestley, in 1772, and Soheele, 
somewhat later, obtainod oxygen by heating nitre to a rod heat. Tho 
best oxamples of tho formation of oxygen by tho heating of salts is 
given in potassium chlorals , or Berthollet’s salt, so oallod after the 
French ohemist who discovered it. Potassium chlorate is a salt com- 
posed of the olomonts potassium, ohlorino, and' oxygon, KCJ10 a . It 
occurs as transparent colourless plates, is soluble in wator, especially in 
hot water, and resembles common table salt in some of its reactions and 
physical properties ; it melts on heating, and in melting begins to decom- 
pose, evolving oxygen gas. This decomposition ends in all the oxygen 
being evolved from the potassium oblorate, potassium chloride being 
left as a residue, according to the equation KG10 a «KCl-f-0 # .' 9 Tbit 

10 Soheele, la 1785, discovered the method of obtaining oxygen by treating manganese 
peroxide with sulphurio acid. 

11 All acids rich In oxygon, and especially those whoso olomonts form lower oxides, 
ovolvo oxygon either dirootly at tho ordinary temperature (for instance, ferric acid), or on 
boating (nitric, manganic, chromic, chlorio, and others), or if baslo lower oxides are 
formed from thorn, liy heating with sulphuric acid, Tl»us tho salts of chromic add (for 
example, potassium dlohmmat©, KjCraO,) give oxygon with sulphuric ooidj first potassium 
sulphate, K 9 SO 4 , is formed, and then the ohromlo acid set free gives a sulphurio add salt 
of the lower oxide, CrjOj. 

i* This reaction is not reversible, and is exothermal— that is, it does not absorb heat, 
but, on the contrary, evolves 0,718 calories per molecular weight K01() s , equal to 122 
parts of salt (according to the determination of Thomsen, who burnt hydrogen in a 
calorimeter cither alone or with a definite quantity of potassium chlorate mixed with 
oxide of iron). It does not proceed at once, but first forms perchlorate, KCIO* (see 
Chlorine and Potassium). It is to bo remarked that poUesium chloride melts at 750°, 
potassium chlorate at 850°, and jxitotmiiun perchlorate at 810° (Concerning the decora, 
position of KClOj, mo Chapter H., Note 47.) 
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dwompositloo proceeds at a temperature which aH*»wa of ita hmng 
conducted in a glass However, in dn'timpuaing, the molten 

potmmium chlorate uwoUs up and toils* anil gradually *«>Ut libra, so U» 
evolution of the oxygen in not regular, ami the gin** vr**d may craefc, 
In order to overcome this inconvenience* the prtAMium chlarata $* 
orushad end mixed with a powder of a *u balance whit h h inftml4% 
incapable of combining with the oxygen evolved, and i» a good conductor 
of tumt, Usually it hi mixed with foangannam («tn»*ith 11 Thu »!»»». 
position of tho potassium chlorate la then considerably facilitated, and 
proceeds at a lower temperature (Iwnmuse tho entire tuaaa is thru hatter 
heated, both externally ami internally), without swelling up, and this 
method is therefor** more convenient than the d«**m*j»o*»tt«*n of the salt 
alone. Thin method for the preparation of oxygen it very mnvenUmt j 
it is gtaemby employed when a small quantity of o*y g»» is required. 
Further, potassium chlorate U «uily obtained pum, and it evolves 
much oxygen. 100 grama of the salt give m touch m SO grains, or 
90 litres, of oxygen. This method Is m simple and m*y, u that a 
course of practical efemiatry ti often commenced by the piwparattao 
of oxygen by thi* method, and of hydrogen by the aid of xino and 
sulphuric add, ilwt by mem* of these gases many int#m%tir»jf and 
striking experiments may fee performed.** 

A solution of hUmhinff pttwder, which eon tains ra.tr bit** hyfwwhlorita, 
Ca01 a 0„ evolves oxygen <«n gently heating when a small quantity of 
certain exidea la added— for instance, cobalt oxide, which in this ease 
.note by contact (am Introduction). When heated fey iteelf, a xoluUiw 
of bleaching powder does not evolve oxygen, feat it oxidise* the cobed* 
oxide to a higher degree of oxidation ; this Higher oxide «? cobalt la 
contAofc with the bleaching powder dmompmm into oxygon and h«fr 


18 Tbe pwroxM# &*«* tea «wl*» tarfxwn to tbi* mm. It may to 4 hf many 

osk1t*#'" fuf inslxnw, Oy mrtt» <4 lf<»u ti u (Me*M*fy m %*&» ilw pracawna* than a# 
eewtmsWbte w b a m eex (wmH m W4#«C papwysrtetof*, mh hm, *»4 1*41 fa** Uw* »«« 
two, m they wight mmm w «|Mm, 

*1®** «f a mtstwe «f M m* ws8 ws s h w t A«i* wtth 

|K»wd«nsd wn&mm pwertslAw p^wsrfti sit •# to# ft tempmSm* pto **l» 4.** m wstl) 

wm. it may be effisetat fa m ardtasiy fl#* A«4t. The ^fwtata* i» umaH a* tts 
^ 4wwip6«hteR ot k ** in 

*?? I™ k® iWMrtten is ngUsnui, tli* riawnaff ittaw *4 

”?S|* wi jr ®* WimiSm rt mpftm may fm^sMy to mmm j4ss*t**4, »®4»? c#rt«*n 
0 m « (for wtampl*, mtar eoat i c t ec^eeh a wry tow iw wwn iiii w. tta imtiM i uB wi 

tf J 1 ft pota# S! B Ml tartteitr te m*mm 

, W ®* WI ®5W* % he*h hb« tMomm, tert they »sif 

, r a ^ hi ^ il tewpftttt t»s ff#t immm, mmmm mm) m <Am 

thrir «mt {poOw^imi m *wto 

S^STLSLLa? f mpW * t ? w $*"« M a Ml S l«* a «W» «< 

oalphureas aahytedo oxygso), sod w» net mod m 
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Oxidation products, and the resultant lower oxide of oobalt with bleach- 
ing powder again gives the higher oxide, which again gives up its 
oxygen, and so on. 16 The oalcium hypoohlorite is here decomposed 
'according to the equation 0aCl a 0 9 =a0a01 a + 0 a . In this manner a 
small quantity of oobalt oxide 17 is sufficient for the decomposition of an 
indefinitely large quantity of bleaching powder. 

The properties of oxygen.™ — It is a permanent gas — that is, it can- 
not be liquefied by pressure at the ordinary temperature, and further, 
is only liquefied with difficulty (although more easily than hydrogen) at 
temperatures below — 120°, because this is its absolute boiling point. 
As its critical pressure 19 is about 50 atmospheres, it-can*be easily lique- 
fied under pressures greater than 50 atmospheres at temperatures 
below —120°. Acoording to Dewar, the density of oxygen in a critical 

w Such 1 b, at prosont, the only possible method of explaining the phenomenon of 
oontaot action. In many cobob, snoh as the present one, it is supported by observations 
based on foots. Thus, for instanoo, it Is known, as regards oxygen, that often two sub- 
stances rioh in oxygon rotain it so long os (hoy ore separate, but directly they come into 
oontoct froo oxygon ia ovolvod from both of them. Thus, an aqueous solution of hydro- 
gen poroxido (containing twico as much oxygen os water) acts in this manner on silver 
oxido (containing siivor and oxygon). This reaction talcos plaoo at the ordinary tempera- 
ture, and tho oxygon is evolved from both compounds. To this class of phenomena may 
bo alko roforrod tho fact that a. mixture of barium poroxido and potassium manganato 
with water and sulphuric aoid evolves oxygon at tho ordinary temperature (Note 0 bis). 
It would scorn that tho ossonoo of phenomena of this kind is entirely and purely ja 
property of oontaot; tho distribution of tho atoms is ( ohangod by oontaot, and if tho 
equilibrium bo unstable it is destroyed. This is more especially evident in the o as© 
of thoso substanoes which change oxothermally— that is, for those reactions which are 
accompanied by an evolution of heat. Tire decomposition OaCLjOjoaCaOlg + Oj belong® 
to this class (like the decomposition of potassium chlorate). 

lT Generally a solution of bleaching powder is alkaline (contains free lime), and 
therefore, a solution of oobalt chloride Is added directly to It, by which means the oxide 
of cohalt required for the reaction is formed. 

18 It must be remarked that in all the reactions above mentioned the formation of 
oxygen may be prevented by the admixture of substanoes capable of combining with it — 
for example, charcoal, many carbon (organic) compounds, sulphur, phosphorus, and 
various lower oxidation products, &c. Those substanoes absorb the oxygon evolved, 
combino with it, and a compound containing oxygon Is formed. Thus, if a mixture of 
potassium chlorate and charcoal bo heated, no oxygon is obtainod, but an explosion 
takes place from tlui rapid- formation of gases resulting from the combination of tho 
oxygon 'of tho potassium chlorate with tho charcoal and tho evolution of gaseous C0 3 . 

The oxygen obtained by any of the above-described methods is randy pure. Ik 
generally contains aqueous vapour, carbonic anhydride, and very often small traces of 
chlorine. The .oxygen may bo freed from these impurities by passing ife through a solu- 
tion of caustic potash, and by drying it. If tho potassium chlorate be dry and pure, it 
gives almost pure oxygon. However, if the oxygen Ue required for respiratum i» OASe# 
of Hickness, it should bo washed by passing it through a solution of cans tie alkali and 
through water. The best way to obtain pure oxygen directly is to Cake potasiffium 
perohlomto (KCIO*), which can l>o well purified and then evolves pure oxygen on 
heating. 

u ' With regard to- tho absolute boiling point, critical pressure, and tho oriMcal alatO 
in general, sec Chapter LL, Notes SO and 04. 
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is 0*65 (waterol), but, tike all other autaUnore in this state* U 
varies considerably in density with a change of pmuurn and tempom, 
tore, and therefore many investigators wh« made their observation* 
under high pressures give a greater density, m much m 11. Lupu-ticd 
oxygen is an exceedingly mobile tnuwpamit liquid, with a faint bin® 
tint and boiling (tension w*1 atmosphere) about -- Itki* Oxygen, like 
ail gawa, is transparent, and hire the majority of g«««, colour low. It 
has no smell or taste, which is evident from the fact of its Wing a com* 
ponont of air. The weight of one litre of oxygen gaa al 0 1 and 7 »U> mm, 
.pressure is W298 gram ; it b therefore alightly denser than sir. 
It® density in respect to air j» HUSH, ami in respect to bydny(ctnMl6,*t 
In ifcu chemical properties oxygon k remarkaWe from the fart that 
it very wily— and, in a chemical tonnes vigonmaly roaoU on a number 
of substances, forming oxygen compound* However, only n few 
fiubstanocs and mixtures of sulMtanemt (for example, pfowphorui, copper 
with ammonia, decomposing organic matter, aldehyde, py regal ltd with 
an alkali, <fcts.) tmmbln© directly with oxygen at the ordituwry tern* 
pomfcure, whilst many substantvw really nnnhim* with oxygen at a red 
heat, and often thh combi nation pnwftilx a rapid chemical reaetkm 
accompanist! by the evolution of a large quantity of heal Every 
reaction which takw place rapidly, Uf it be mwrmpaoied by m great an 
evolution of heat m to produce i&eandMKwnee, l* termed evmtm*ti<m. 
Thus combustion $usu«ft when many meted* are plunged into chlorine, 
or oxide of sodium or barium into carbonic anhydride, or when a «$*rfc 
falls on gunpowder, A great many subet&nrea are mmhuatlhte in 
oxygen, and, owing to it* presence, in air aim In order to atari 


70 Judging fn>ra what Has brew wdd t« N«te M *4 Uw tre* rtupire. **,4 *U. torn tfe* 
results <>f direct ebaervaltoa, il k trrtdeut that all «s> »ri mww to # retire! «Wte have 
a large ewffldeat t tl expfmukn, and am very ttampreeiMw 

** A# water e«»n«kk at i valent* *4 oiniet «w4 t vutittm* «»f krWet, ««4 
contain.* 10 parte by weight of twygre* per % p»rt» by w**gttt 1 4 ttytnwm, H 
follows directly that oxygen it lft tUuo* disBapf Umu ('i«tr«ta>l;, U*» wen. 

position of water by weight nay be Mm»l tmm *4 by«tr<u»* rent «S||**s 

and the volniaetrie sostposMre of water, 'fts» nutted «f ewteal ***-4 rwi|*r,>«-ai rear*#* 
tlou aUvngdiWia the pmtM ditto rt tin «*#et mrnmrnm, wfmte reunife iktt 

greater pmMs ewwtitwk sod mrMy of emwttem 

It must be observed that th*i xpecifk teat *4 nSfUMi at were i an i pse*»**ns t* o 
consequently 1 it Is to ike epeciie tret #f hydrepun urea*) m I t* t« i» n. It*****. Dm 
speelfie hfetoa are fomtwAf proportoM to tbs w#%b u »l mmm& vaheuMt. Thi« «t*»rtS»*s 
that eoual volumes nf b»ab area ku» tu>se .t. . 


l« In 
it H 

mm 

te* 


an equal quwUty of beat for mtateg Mr Iwnprewtura by r. W* Mtt *itor«« 

elder the specific heat of dUfirent mMmm *»«» fnfly to CMp XIV 

^ 4tfl«^> 4 i gu rtl >hlw pern, hs bat s4t#tlf 
and <^w liquid*. Xtw Kdubility k ii#« to t;,to ia, Os® t. Tom i,\ 

evident «« water standing In atr must MWa 4 MrJZtnm. Ttm 
serves lot tho respfeaUen ef ft«b» flshaa emmaat ^ toiMi retif 

not contain the oxygen necessary ftw (re Omp. ij ‘ 
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combustion it is generally necessary 23 that the combustible substance 
should bo brought to a state of incandescence. The continuation of the 
process docs not require the aid of fresh external heat, because sufficient 
heat 23 is evolved to raise the temperature of the remaining parts of th® 
combustible substance to the required degree. Examples of this are 
familiar to all from ovcry-day experience. Combustion proceeds m 
oxygen with greator rapidity, and is accompanied by a more powerful 
incandesconce, than in ordinary air. This may be demonstrated by a 
number of • vory convincing experiments. If a piece of charcoal, 
attached to a wire and previously brought to red -heat, be plunged into 
a flask full of oxygen, It bums rapidly at a 
white heat — i.e. it combines with the oxy- 
gen, forming a gaseous product of combus- 
tion oalled-carbonio anhydride, or carbonio 
acid gas, OO3. This is th© same gas that is 
evolved in the act of respiration, for charcoal 
is ono of the substances which is obtained by 
the decomposition of all organic substances 
which contain it, and in the process of re- 
spiration part of the constituents of tho body, 
so to speak, slowly burn. If a piece of' Pl0 _ {)t lmn ; lnK m)l . 

burning sulphur bo placed in a small cup fnoxVKt>tt' rnil ' arUS ’ ** Uu ’ m * &i '"' 
attnobod to a wire and introduced into a 

flask full of oxygen, then the sulphur, whioh bums in air with a 
very fooblo flame, burns in the oxygen with a violet flame, whioh, 
although pale, is much larger than in air. If th® sulphur bo ex- 
changed for a pioce of phosphorus, 94 then, unless the phosphorus bo 
heated, it combines very slowly with the oxygen ; but, if heated, 
although on only one spot, it burns with an exceedingly brilliant whit® 
flame. In order to heat the phosphorus inside the flask, the simplest 
way is to bring a rod-hot wire into contact with it. Before the char- 
coal can bum, it must bo brought to a state of incandescence. Sulphur 

1(3 Curtain nulmtiuieo!) (with which wo tthall afterwards Weenie acquainted), however, 
ignite Hixiutanoouoly in air ; for example, Impure* phnsphureltod hydrogen, mtiotm hydride* 
*lnc ethyl, and pyrophorua (very finely divided iron, fic.) 

,J If bo tilth* hunt i» evolved that tho adjacent parte are not heated to tho teinporatur® 
of combustion, then combustion will owuto. 

** The phosphorus must bo dry j it ia usually kept lit water, an It oxldiww in air. It 
should bo out under water, a# otherwise the freshlyout surfaoo oxidises. It must be dried 
carefully and quickly by wrapping it in blotting-paper. If damp, it splutters on burning. 
A small piece should bo taken, as otherwise the iron spoon will melt. In tM« and th® 
othor'exporimonts on oombustion, waUtr should bo poured over the bottom of the vessel 
containing tho oxygon, to prevent it from cracking. The cork dotting the vewel should 
not fit tightly, In order to allow lor the expansion of the IfW doe to the beatofth© 
oombustion. 
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also will not bam under 100 % whilst phsaphorwi inflamifl at 40 ® 
Phosphorus which hm imn already lighted tn air cannot no well bn 
introduced into the fl**k, bacuuM* it burns very rapidly uud with a large- 
flame in air. 11 a small lump of metallic **/•««» W put in » small cup 
made of Hum,** melted, and ignited,®* It burns vary feebly m air. But 
if burning aodiura be introduced into i<xyg»>n, tin* c<tmbu*ti<«n in in* 
vlgoratod and in accompanied by a brighter y* 4 h»w damn. Metallic 
mmjntdum, which burn# brightly in air, continue* t«» bum with 
atdll greater vigour in oxygen, forming a white p*»wd«*r, which it a 
compound of umgneaiutn with oxygen {magin<*mtn oxide ; mngtimla). 

A strip of *r*m or #U*rl d«wi nut burn in 
air, but an iron win* or «t «4 spring may 
be eaaily burnt in oxygon . v The com but* 
lion of »t*»l w iron in oxygon i» not hoco®* 
ponied by » damn,, but *park« *4 oxide fly in 
all direction* from the burning portion# of 
the iron.** 

In order in demonstrate by *»* peri meet 
the mmhmtwn vf Aydropm in oxygen, a 
gjMKxavducting tube, bent «» ** to form 
a convenient Jot, l» h*l from the t«ud 
evolving hydrogen. The hydrogen i# drat 
#»h Ught to in air, and than the gaaocxn 
duoting tubed# let down Into a flask containing oxygon The combo** 
tion in oxygen wilt bo ilmilar to that in air ; th*» flame remain# p«d^ 
notwithotandlug the (act that its timptrature ri#w opnsidarably- It is 



fie, 1 kv.-M.kJ.* to hereto# ** eta* 
«prtojf to «*r®MV 


* Irtm mp wiU tneH with w«Uta« In w*y#w* 

®* la order k> rapidly hwil lh» hra« mjnWn wwikUniim lh» wtotttm, il i* hc*i*4 to Uni 
flame to A Wow.jrfpn dwwritoto In VIII 

b' order Ui bam » watch *ptii){ 1 a {4«** to Ui»kf f«?f |*,|wsf in a wtouH n «f 

uitew, and dried) to ttototowd to t. w « «kt The into** I* SighM, <m» 4 Ui« spring la lima 
plunged into tb« nxygnn, Tto* burning Me*W Ife# wm-l *4 th® •tying, lb® twsrt»4 
part coma, Mid In bo dtoitf beat# tk» fwtVr f»rt4«fM *4 th» wVtob itwe barn* 

If aaffletasl «yp#i \m py«*,i 

* The epfcu to rent turn pmdw»4, owing to Us» tot IM Ut» *to»n** I U»* mU to 

Ima 1* I mnA? tv.in, ttot of ito vtonw* ef th* tow, « t to i.«4 w«. 

etot to wttrrty VMS the e«i4« or tto tow, th» pamrto* mm to i«y», . ® fit ntoat. 
mmAXMpAtMm tow«4 to the rmUmeUott of tom, to ottor »»*« «>:>.■ W» **» tto 
wmhtintum 4 tom ftUugu to ttus In tb« w«t4uut <4 ton» •mail »l»n »|4S»l*f% 

f.y ®5 j” ^ dlrwiiune ml hem to Mia atr, a* to mm tom tfc» tms th«i w»ai»i hying 
through the eJr they wto red hot, »4 tow. heceaw, m mding, *|»r »r« **»« to t# m 

hMt “ ft h ojryjpm, Th» «w# tt*ta« toh#» r l«* wton iu 

die Hint. Hmm mdm to rt*d Unu4 hg lto» to#. 

^ Tto - of tow I* vtid ««» by tohwf 

®° “ <ot by hetotof Rmtoae Mae, or tf tte «4 it* 
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Instructive to remark that oxygen may bum In hydrogen, just a* 
hydrogen in Oxygen. In order to show the combustion of oxygbn in 
hydrogen, a. tube bent vertically upwards and ending in a fine orifice 
is attaohed to the stopcock of a gas-holder full of oxygen. Two wires,, 
placed at such a distance from each other as to allow the passage of a 
constant series of sparks from a Buhmkorffs coil, aro fixed in front ot 
the orifioe of the tube. This Is in ordor to ignito the oxygon, which may 
also bo done by attaching tinder round tho orifioo, and burning it. When 
the wiros are arranged at tho orifice of the tube, and a series of spark© 
passos botweon them, then an inverted (because of the lightness of tho 
hydrogen) jar full of hydrogen is plaoed over the gas -conducting tube* 
When the jar covers the orifioo of the gasiconduoting tube (and not 
before, as otherwise an explosion. might take place) tho ooek of tho gase* 
meter is opened, and the oxygen flows into tho hydrogen and is sot light 
to by the sparks. The flam© obtained is similar to that formed by tho 
combustion of hydrogen in oxygen. 89 From, this it is evident that the 
flame is tho locality where tho oxygen oombines with tho hydrogen* 
therefore a flame of burning oxygon can bo obtained ha well as a flnrno 
of burning hydrogen. 

If, instead of hydrogen, any other combuBtiblo gas bo taken— for 
example, ordinary cool gas — then tho phenomenon of combustion will 
be oxaotly tho same, only a bright flame will be obtained, and tho 
produots of combustion, will bo different. Howovofy as coal gas con* 
tains a considerable amount of froe and oombinod hydrogon, it will also 
form a considerable quantity of water in it® ooinbastion. 

with oxygon by hydrogen | when this fine powder l# strewn In afr, it bunts by itself, even 
yrtthout being previously heated (it forms a pyrophoros). This obviously depends on tho 
fact that the powder of iron presents! a larger surface of contact with air than on equal 
weight in a compact form. 

«> The experiment may be conducted without the wire®, if the hydrogen be lighted to 
(he orifice of an inverted cylinder, and at the same time the cylinder be brought over the 
end of a gas-conducting tube connected with a gas-holder containing oxygen. Thomsen's 
method may bo adopted for a lecture experiment. Two glass tubes, with platinum ends, 
are passed through orifices, about 1-14 centimetre apart, in a cork, One tube is eon* 
netted with n gas-holder containing oxygen, and the other with a gas-holder fall of 
hydrogon. Having turned on the gases, tho hydrogen is lighted, and a common lamp 
glass, tapering towards tho top, is placed over the cork, The hydrogon continues to bum 
inside tho lamp glass, at tho expense of the oxygen. . If tho current of oxygen bo then 
decreased little by little, a point is reached when, owing to the Insufficient supply of 
oxygen, the flame of tho hydrogen increases in size, dlsapimare for several moments, as# 
then reappears at the tube supplying- tho oxygon, XI tho flow of oxygen, be again to* 
creased, the flame reappears at the hydrogen tube. Thus the flame may bo WlMfe ffi 
appear at one or the other tube at will, only tho increase or decrease of **• if 

gas must take place by degrees and not suddenly. Further, air may be tokfWtt teatoOa Of 
oxygen, and ordinary coal-gas instead of hydrogen, and tt will theft be Shown how «jt» 
bums In an atmosphere of coal-gas, and it can easily be JWtSrf'fWI fb* lamp glaaa it 
full of a gas combustible in air, because it may be lighted at the top. 
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If hydrogen be mixed with oxygen in the proportion in which they 
form water — i.«, If two volumes of hydrogen \w taken for each 
volume of oxygen— than the mixture will be the Mine m that obtained 

by the dfnro ru position of water, 
by a galvanic current— deto- 
nating f*ut, 

Wo ha vo already men* 
tlorted in the butt chapter 
that the combination t »f these 
§»*»•, or their nxpWun, may 
h« brought about by the 
ftetlan of an elect ria apart, 
bpofttuto the apart heats the 
•feme through which it psasti, 
fttei acta ecmeequmtUy in ft 
meaner sdtjuiW to ignition by 
mefta* of contact with an in* 
pftndcwent m burning tub- 
•Uno*.* 1 * *** Oavemliah made 
ihla «*j*rlmettt m the ignition 
of deUmAtlng; gw, at the end 
of the leal century, in the 
apparatuH shown in fig. 31, 
Igniti«» by the aid of the 
electric §p*rk te convenient, 
for the rtw*ut that it may 
thtn he brought about In a 
otoeed mmmi, and hence ehe* 
mink atill employ ihlu method 


Eto 8U“0ar«^Mi‘sft»ttat»* ter mt\, 

•to. tell JW «h*U«u» ta tee te«i t# - 

tttsetaw at tog wUmmh efkpirm* swrt m» vetem «t 
«W««p,Md Dm teite -'--- ■ • • 

m to tt. 


w . , * ft tesa «w##i 

it- ;■■ -i. Tt M* 6ir u B? o l»88i«ft ««* at tW* vmmLjk 
ws* »5» tip Mopooetc d I* t« «fct 

with dtomttlnr «m. Tt» ftptft te tto> 

««* N» «*pht8lott j«wuw«l te mmm t4 * *iwfe tow 
idf? ^ After list) mmtttem tm Mwe ftotwite 
k ftg*4n imkJ U* www tew# W# ite> 


when it k required to ignite 
ft mixture of oxygon with ft eombueUbte pa in a vmml For thl* 
purpose, especially due# ButUMMota tin#,* m mdimmfar is employed. 
It oonaiate of a fehtrt gte#a tube graduated abmg its length in millb 
mfttr©fl(for Indimtiag the hetghiof the mweary ccdumn), and MUbrnted 
fop ft definite volume (weight of Btreury). Two platinum wlrem am 


^ a wt» my to teto*, mA mi wtoetete eumak 

” to a state «( m gp w Dmm wtfi to ne 

oumntT^ ^ a ^ Ma ® ^ the Wtfl * to tee t®©u§h te to^«si# md toft to tto 

st&daf ditetoti ton«s at impurntw, MwitetM i##jypt«4 toe 
^ toteesaatwry te* «,p itetottrf 

saata aasa pa* * » *«*^* «... 
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fused into the upper closed end of the tube, as shown in fig. 32. 31 By 
tho aid of tho eudiometer wo may not <?nly determine the volumotrio 
composition of water, 39 and the quantitative contents of oxygen in 

31 Thoy must be scaled into the tube in such a manner as to loavo no aper- 
ture botwoen them and tho glass In order to teat this, tho eudiometer is flllod 
with mercury, and its open oncl inverted into mercury. If there bo tho 
smallest orifloo at the wires, tho external air will outer into tho cylinder and 
the morcUry will fall, although not rapidly if tho nrificu bo very fine. 

83 The oudiomotor is used for determining tho composition of combmtiblo 
gases. A detailed account of gas analysi 9 would bo out of place in this work 
(see Note 00), hut, as an example, we will give a short description of tho 
determination of tho composition of water by tho audiometer. 

Pure and dry oxygen is first introduced into the eudiometer. When the 
oudiomotltr and tho gas in it acquire tho temperature of the surrounding 
atmosphere— which is reoognised by tho fact of the meniscus of tho mercury 
not altering its position during a long period of time— then tho heights at 
whioh the mercury stands in the eudiometer and in tho hath aro observed. 

The difference (in millimetres) gives the height of the column of mercury in 
the eudiometer. It must be reduoed to the height at which the mercury 
would stand at 0° and -deducted from tho atmospheric pressure, in order to 
find tho prossuro under whioh tho oxygon is measured (see Chap. I. Note SO). 

Tlio hoight of tho moroury also shows tho volume of tho oxygon. The tem- 
poratnro of tho surrounding atmosphere and tho hoight of tho haromotrio 
column must also bo observed, in order to know tho temperature of the 
oxygon and tho atmoaphorio pressure. When tho volntno of tho oxygon has 
boon measured, pure and dry hydrogon is Introduced into tho oudiomotor, 
and tho volume of tho gases In tho eudiometer again measured, limy are 
^hon oxplodod. This is done liy a Leyden jar, whoso outer coating is con- 
nootod by a chain with ono wire, so that a uparlc passes when tho other wlro, 
fused Into the eudiometer, is touched by tho terminal of the jar. Or else an 
olootrophorus is used, or, better still, a Bulunkurff's coil, whioh has tho 
advantage of working equally well in damp or dry air, whilst a Leyden jar 
or electrical machine does not act In damp weather Further, it i» necessary 
to close tbe lower orifice of the eudiometer before the explosion (for this 
purpose the eudiometer, whioh l» fixed in a stand, is firmly pressed down 
from above on to a piece of india-rubber placed at the bottom of the bath), as 
otherwise the mercury and gas would be thrown out of the apparatus by the 
explosion. It must also be remarked that to ensure complete combustion 
tho proportion between the volumes of oxygen and hydrogen must not ex- 
oeod twelve of hydrogen to ono volume of oxygen, or fifteen volumes of Eudiometer 
oxygen to ono volume of hydrogon, because no explosion will take place if 
ono of tho gasoil ho in great excess. It is host to talus a mixture of one volume of 
hydrogen with several volumes of oxygen. Tho combustion will thou b« complete. It 
is oviduct that water Is formed, and that the volume (or tension) is diminished, no that 
on opening tho end of the eudiometer the mercury will rise in it. But the tension of the 
aqueous vapour is now added to tho tension of the gas remaining after the explosion. 
This must, ho taken into aooouut (Chap, I. Note l). If hut little gas remain, the water 
which Is formed will be sufficient for it# saturation with aqueous vapour. This may be 
learnt from the fact that drops of water are visible on the side# of tho eudiometer after 
tho mercury has risen in it. If there be non®, a certain quantity of water ntael be intro- 
ducod into the eudiometer. Then the number of millimetres expreeahtg the pressure of 
tho vapour corresponding with tho temperature of the experiment mast be subtracted 
from the atmospheric pressure at which the remaining gas to measured, otherwise the 
result will he iDooourato (Chap. I. Note I). 

This is essentially the method of the determination of the composition of watorwMOh. 




non of combustion. 


Thu*, for example, it may be demorwtroted, by the aid of the 
eudiometer, that for the ignition of detonating gm, a ilefiaii* Umptmilwm 
{g required, If the temperature be below that required, rombinatfott 
•will not taka plane, hot If at any spot within the tube it nrnm to the 
temperature of baftammatloft, then combination will «mw* at that spot, 
end evolve enough beet for the ignition of the adjacent portion* of the 
detonating mix turn. If to 1 volume of detonating gas there be added 
10 volume* of oxygen, or 4 volumes of hydrogen, or 3 volumes d 
carbonic anhydride, then we shall not obtain an explosion t*y patting 
a spark through the diluted mixturo, This depend* on the fact that 
the tempwratw folk with the dilution of dm detonating gafi by another 
gw, bfeauti the heat evolved by the combination of the small quantity 
of hydrogen and oxygon brought to tneiuadwwsiw by the tpark ia not 
only transmitted to the water proceeding from the combination, but 
also to the foreign wbrtanoe mixed with die detonating gat.** The 
uaoastity of a definite temtperaiure for the tuition of detonating gw hi 
ako seen from the. fart thatpow detonating gM «pkK3h® in the jntwwtte 
xA a rod-hot tarn wire, or of charcoal hasted to $73®, but with a lower 
degree of foeaJadowonee thews la not any explosion. It may alio he 
brought about by rapid aompreMdou, when, aa Is known, heat k evdlwsd 8 * 


m* roftAe fur tee first U*»# by m6 llsatertit wttfe #af8e4«»i awwasy, 

Thter totmatorttoM 1*6 than to tte ©txsrtiwto Ust water wmtete of two votauMia «f 
hyAmgea (won wuetty 8*0Qt» be Da® UMHb aad «M vrtt»& *4 otyp*,, ISvwy tins 
ttef took ft greater quantity at mtfgm, tea fft* MMtetog after lit# 

Wtm tlw*y tort m mmm of byte-cape, dp i«»ate4*^ fw »m hytaifvei wed stop* tea 
ftufi hyteopn w» totem fa tee stem* pmpat^tm, netteM- gee aor the 
otter rsmainod. tte eomporitka wf w*fcw mm Hum 

*® Oonoemlag; this ftjqjtefttkmd Jll pisyjf 

be meatkmed m Qlatortta# tee sftritm# mm *4 I km #iM«r teat Ttoe*w»esB 

ompleyocl mkma»$k«3y smiU ie r # *»Sjm tee gm gh*m efl 

tholqftvftsof pliuito 

w Tbo #4 volmwot o«rboHhcfMte,Mi agaai ate <tf wrt gas, •*» vdtewsa of 
foflropu rtferttto w at w ma t u s to, m 3 tlx m* « f rttete «* twelw# vwlwne* id rtf 
wkafi to oaovetonart 6 a t nesting gas, g sa Veai to amkatoa. 

** tf te*s et»tti?r«mjl«*H tetomaght jtoiwi itself, *■.» Um Urn hm$ wiwS iwswAs to 
rtwfo|fte|h|.irt»w»tog tews ten owMteto af te m^gm «®<l %3»^s 4aa 
ort tyrttoatewm xtefttecdxtw to octt qxwte Wlte fetors, 
hsrtte n ppftr tekrt site a wMm «f pkuaaw (» «nqm r^a| sad wil »jsus«- afaw» 
be bumt, fte tea ate rttrtasd tete <mf ftart^ilfidW pkteuMu, imd im tew fono 
it in be#t fitted tor f ga^ n g kfdNiHt Ml 4*tMRftii«n aiw. nrtbutantew *w|uljr»» tote 
tea tod, but pltvtinum iu so ute dhidel a state w it OMars to this a rt) fafi n fft M bsdna 
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Experiments nmdo in the eudiometer showod that the ignition of 

researches of ’V. Moyor (189i), Ho showed that only -a very slow formation of steam 
begins at 448°, and that it only proceeds more rapidly at 518° The temperature of the 
explosion of detonating gas, aooording to the same author, varies according as to who then 
tlio explosion is produced in open vessels or in closed tubes. In the first oaso the tom- 
poraturo of explosion Hob betwoon 580 o -000°, and in tho sooond botwoon C30 c, -780^. 
In general lb may bo romarlcod that tho temperature of explosion of gaseous mixtures is 
always lower in closed vossols than when tho detonating mixture flows freely through' 
tubosi Aooording to Froyor and V. Moyor, tho following gases when mixed with tho 
requisite amount of oxygon explode at tho following temperatures i 


- 

When flowing f rooty 

■qbqHI 

! % 

C80 o -780 s 

580 o ~(l00 o 

ch 4 

C50°-780° 

000°-G50° 

CflHo 

000°-060° 

600°-G00 0 

Galls 

C0fl°-850° 

680 f '-000° 

OO 

060°~780° 

GBO.°-780° 

H a S 

816°~820° 


H,+ G1, 

480°-440 3 

24() f ’-270°' 




The velooity of tho transmission of oxplosion in gasoous mixtures £b at charaottoistioi 
a quantity for gaseous systems as tlio volocity of tho transmission of sound. Bortholot 
ehowod that this velooity doponds neither upon tho prossuro nor upon tho siso of tho 
tubes ill whioh tho gaseous mixture is contained, nor upon tho material out of whioh tho 
tubo is mado. Dixon (1801) doterminod tho magnitude of tlioso volocitios for various 
mixtures, and his results proved very near to thoso previously given by Bortholot. Foe 
comparison wo givo tho velocities expressed in motres per second : 


- 

1)1 xi in 

Dortholot 

Ilfl + O 

3,831 

3,810 

II.h-N.,0 

9,806 

9,384 

OIL -MO 

2,833 

2,987 

OnH# + 0O 

2,804 

9,910 

OflHa+60 

2,031 

2,483 

40 

9,831 

9,196 


Tlio addition of oxygon to detonating gas lowers tho velooity of tho transmission of 
oxplosion almost as much as tho introduction of nitrogen. An excess of hydrogen on tho 
contrary raises tho velocity of transmission, It is remarked that the explosion of mixtures 
of> oxygen with marsh gas, ethylene and oyanofjoa Ib transmitted more quickly if tho 
oxygon bo taken in such a proportion that tho carbon should bunvtq oxide of carbon, i,g, 
tho velooity of tho explosion is less ii tho oxygen bo taken in Buflkieut quantity to form 
carbonic anhydride. Observations upon liquid and solid explosives (Bortholot) show that 
in thin case tho volocity of transmissioh of explosion is dependent upon tho material of 
tho tube.' Thus tlio oxplosion of liquid nitro-methyl other (n glass tubes travels at tho 
rate (in dependence upon tlio diara., from I mm.-45 mm.) of from 1,890 to 9,483 metros, 
and in tubes of Britannia metal (8 mm. in diam) at the rate of 1,980 metres. Tho harder 
the tube the gireater the velooity of transmission of oxplosion. The following are tho 
velocities for oertain bodies s 
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Nitro.glyoorino „ « 

Dynamitp v 4 » 

Nitro-mannito 
Picric acid » « 
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pRiKcmEft of rtmumuY 


tktonitting got tak« f»l*ee irt » terapemtura betwecft 450® ami 
650'’* 


The wmbinatfcm of l»ytlr*;*ip?n with oxygen b tccxirtijmiiiidi lay U» 
evolution of a vrty rontblrTAblr Amount of brat , According to tb® 
determination* of fitter* and Sdtxrtmmnf* i pari by »«’*gljt of hydro* 


In *9 m if «mM Mate M*lkf4 «ml t® Ctevte |i»t) wterredl tfekt fay ft§ 

«ftew of ft mtrtor* «4 I wtew «f tokmeUw* gm with « nttwmt *4 «* tert gw, ft», 
pw**mr« ten ^»w*ljwrt«iy «jw4 to Wt-0'9m ftb*K*t>twf*ft- 

*•> Fima the verjr umxmnmwmn\ «4 te» f*r<*»etg*Umi *4 tbs fete «4 dtaeeetotfoR, f| 
BHKltt lt«v» ten I)mI r»*»f»4tto »»** ti. t*» ml r«*»ton*te’tt iltw fcmsalteii of ||. a 

*&4 tt tatung* to thU mmnmtw® at tf*» mmm towiwCfttefti m ikt ftt wWdh 

dtex-Miton begin* Ami »*» moor ***** this i* m\ l**% «n4 fttwor*. m rmy tm mm tea 
(be tot* CO Urn* at tao-lwr. when totowiMiit fw «njb*te, Dm 4*ii*tlj* *4 w^fmm 
vajwmf not «»ly toe* n«4 wy <N*4 *1 tenUy mb# M totfte (tewibly 

tenawi to» of tee pndwt» at tomur totem l» ssmttl, tort ftw» m* but, mtm m 

k yrt known, t»y knm* *4 dttwwtot*** i (if ten* wetof Sfes toSwiawi «4 Mmtaet ten ton* 
P«ms4w» ftlwhfeii I ate f4*w» Ml* mm to ft* tzhttoftry t»«t§w4*r#, wIwhi 

wftter wwl atekr w»pa«»4i» nrtwftlty *»» wot *ti***stoi»4 *w»4 J«4f i»i town Urn 4mm 
eewwttataited by 17. I*. Honor utof (lutdMteftm, Koto 99) m4 otte*, H t* i»*§*»*4t»te to 
mmpn tee ef ewatei i «Jt wtete *4 wtel m gte*. ater ft# mtm 

hftwm© m *f«tf ptottow*, itetewb to % mmh t*» *fw. Th» 0WWW of 
•e«teM4 few* a w»*»« *4 tlw 4*t* ftlsfrtaf to 

Ik Ml lw cwpMtfttty mmmtUim to #•*#««*«* wbtek Ml 
|w»fMSy *«>4to«iiwt,M4 Itw oifstofttox *4 
itotefif tte kiwi 

** , SM» mmI *4 fe«it **»4w*» 1 1 « tew mwbwteNiif 
A kntrtrft (tor lawtaiw*, t #«w«l *4 ft glt« mb* 
mfemm I* bf te» rme> l« s#fi*|s*r«t».r« «4 

wfttor, to wfetek ttw wfeoto «4 Us# erolredl to Itto 
etootsAitew fet lMMiiteto4> A mkwmvttirr, t^r »SM«ipW 
teal steswB to Bg. M t >» «r*t>f4«»y*4 f»» ltrt» |s»r|wflw H 
«ttW» *4 ft teto fill «f4«| UmU IS m*y nimtth km 
pabulMdi (tea* tt «tw«M tetomtot * mmUrntm of 
bmii <iftw»S«»rfua,i*t«t by 4»>wn (•), **f hw 

©tew k«4 enndtttlor d lw*t, atwl *» *>»!« nwUttki 
VMwt Tbl* t« |« ersfpf MmI ttw k*»4 

powiteb imnnt *4 bd to» l»»»t tnm ttw 

Witopti* 8 tew* fa ftte»y* a «*rVU» Umm^ 

t»f |'t*tiwJe*ff *ip«rt* 
rmrtii water. *«v4 4etoi AiteMf to WU 
U» %ltef » ifefftito fwM *4 Uttto) ft 

HMillft *4 iteoel Tlw water 



10 k*ftt «r te# twntt.9 to tam* 

«SKtaS* to |«ttw4 lute Om mmd. TIjw *%4«w f 

af fttt te# wtteif feetag broftgkt to ft# «*»# 

teiwpwtftteicft) Midte* thawanra tew wn top fte «4 tew tMfttpwaitu« «4 tlw 

mkft ®|« tel kratei p mu, m/gmXiy, te to tew «•!•« t«4jr , bm% fc* *u Un» t*4i» *4 

ft© ftppMroitw, The qatetty «f wHm la ft® »*fer«k» *s»«»t *4 tte« 

objeetu (tee vesathi, tote, te.) to wttft 8w tel fa Iwuwmiltod fa ymter »l«t##«uto«4* 
ftftfl. tUa wftaaw iw»efcte mte tepctel ionteton to ate* to tew wtatetote to ter 
totetes. The eomUa«Uua ItotU to «mM m in <mm\ #, Ttw entotuor* 

to tatrodueed fcteogh fte tube ai tea top* wfefati «Iohm iteUf . In %, §t te« 
toflmatelalltotwmlro^^ Ttoi «tjw» mgaite t»r 

ft« oombcutem to tod toto a by ft© tab© e, m& fte pedtes «4 < 


gen in forming water evolves 34,462 units of heat. Many of the most 
recent determinations are very close to this figure, so that it may bo 
taken that in the formation of 18 parts of water (H a O) there are evolved 
69 major calories, or 69,000 units of heat. 8B If the specific heat of 


in tho vessel a (If liquid or solid), or oscapo by the tubo/ into an apparatus in whioh their 
quantity and properties can easily bo dotenninod. Thus tho boat evolved in combustion 
passes to the walls of tho vossol a, and to tho gases whioh are formod in it, and those 
transmit it to tho wator of tho calorimeter. 

59 This quantity of boat oorroBpondswith tho formation of liquid water at tho ordinary 
tomporaturo from dotonating gas at tho same tomixaraturo. If tho wator bo as vapour 
tho boat ovolvod «* 60 major oalorioa ; if as ioo « 70 - 4 major calories. A portion of tins 
heat is duo to tho foot -that 9 vols. of hydrogen and 1 vol. of oxygen give 9 vole, of 
aquoous vapour — that is to say, contraction ensues — and this evolves heat. This quan- 
tity of heat may 'be calculated, but it cannot be said how much is expended in the 
.separation of" the atoms of oxygen from each other, and, therefore, strictly spooking, wo 
do not know the quantity of heat whioh is evolved in tho reaction alono, although tho 
number of units of heat ovolvod in the combustion of dotonating gas is accurately 
known. 

The construction of the calorimeter and evon the method of determination vary 
considerably in diSoront oasos. Since tho beginning of the nineties, a large number of 
determinations of tho boat of combustion havo boon conducted in dosed bombs con- 
taining compressed Oxygon. Tho groatoet number of calorimotrio determinations wero 
made by Bortholot and Thomson. They aro given hi tliolr works Essai de mtSccmique 
ohhniquo- fonitf.o eur la themiachimic, by M. Borthdot, 1870 (2 vein.), and thermo • 
ehemisohe Untermchungon, by J. Thomson, 1880 (4 vols.) Tho moat important methods 
of recent thermochemistry, and all tho trustworthy results of experiment, aro givon in 
I'rof. I*. F. Louginin’s .Description of tho Different Modes of Determining the Heat of 
Combustion of Organic Compounds, Moscow, 18l>d. Tho studont must refer to works 
on theoretical and physical chemistry for a description of tho elements and methods 
of thermochemistry, into- tho details of whioh it is impossible to outer in this work. Ono 
of tho originators of thormoohomistry, lloss, was a member of the St, Petersburg 
Academy of Sciences. Since 1870 a largo amount of research has been carried out in 
this province of chemistry, especially in Franco and Germany, after the investigations 
of the French Academician, Bortholot, and Professor Thomsen, of Copenhagen. Among 
Hussion#, Beketoif, Louginin, Clidtssoff, ChroustohoiT, and others are known by their 
therm oehomioal researches. The present epoch of thermochemistry must be considered 
rather as a collective one, wherein the material of facts is amassed, and the first conse- 
quences arising from them are noticed. In my opinion two essential eixoumstanoes 
prevent tho possibility of doduoing any exact consequences, of importance to oliemicol 
mechanics, from tho immonso store of tliormoohcmical data already oollooted : (1) Tho 
majority of tlui determinations tiro conducted in weak aqueous solutions, and, the hoat 
of solution Iming known, are reform! to tho substancus in solution ; yot there is much 
(Clmptor I.) whioh leads to tho conclusion that in solution wator dooH not play tho 
simple part of a diluting medium, but of itself aots independently m a chumieal sonso 
on the substance dissolved. (2) Physical and mechanical changes (docreaso of voluino, 
diffusion, and others) invariably proceed side by side with chemical eluuigos, and for tho 
present it is impossible, in a number of eases, to distinguish tho thermal effect of Che ono 
and the other kind of change, lb is evident that tlie ono kind of change (chemical) la 
essentially inseparable and fnoomprehensiblu without the other (mechanical and physi- 
cal) ; and therefore it seems to me that therm oehomioal data will only acquire their true 
meaning when tlio connection botwoun tho phenomena of both kinds (on the one hand 
chemlool and atomic, and on- tho other hand meohanioal apd molecular or between 
entire masses) is explained more clearly and fully than is at present tho case. As there 
Is no doubt that the simple mechanical contact, or the action of heat alone, on sub* 
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rmmmm or cirEwrnrr 


aquimi mpmtr (D'48) rmmi/ud mfmAmift&m the ordinary tmtpmtiim 
do that at %ehkh thn tmnhtutLm qf #qa t*tk*i pi* mt (but them 

h mtt m dmhi that St Iswfpwt}, wm Uw o.m»l*u*tu«i concentrated 
at* non point** (hut It nerurs In Urn whist** region «! & sUnm), w»ro then 
am 1o*» from nMliatfnn and heat conduction, and 4ut #»| 

tak* flm*.*™ that 1% did not a atate <4 equilibrium between the* hydrogen, 
oxygen, and water come about -then it «W,f he $% t« mitmhk 
fka of *f t/H'wnhV; $m. It wmdd then U* H,000*. 4 ® 

tti reality it h very much Jawer, hut it In mm*rih*4*«® higher than the 
temjiomture attained In furnace* and Ham#*, and in m high m t,000®, 
The uxploafon of detonating gm is explained by thU high temperature, 
bacauM the tqueou* vapour formed must occupy a v*4uim» at Wat 
© to«« gtmt®r than tot mmph4 by the detonating gm at to ordi* 
mxj tamperatum Detonating gm emit* a sound, not only m a eon* 
aaqttittee of to eommotioa which oeoura from the rapid expansion of 
thn heated vapour, hut a!»ti h&mum It fa* Immediately followed by a 
cooling efftwt, to exmewdon of to vapour Into water, and a rapid 
ooutroetload' 


iAmmw mAw mm* m «ri£*at mi ahwya a feteai ftaripteiti) touted tonga * * 
that is, a iWfeiftttt dtrixifeufctea m autoe el to atamii in to *»**W«Ur*-4t teSte*i 
tot gundy tomtod plmw auwa ana Ww ai ah ii* Imm i*h**te*} «M «*w4to»*id to 5 *®' 

mum* A mtehttowd tong# way ha feaa#a»t witoat a |4|»«1 tom##, a**4 a gAy nte»J 

art tout a towted tongs, hat it li tetgtoifete ta teisgto a toetoil etaung** wilfeaa* 
a pfeyntad ani HUKtaalMd «m» te wltout Dm Utter *fet -tl-l «• 4 1 « mhb to mewf ail* 
to feme*, mi it U fey tot* mean* tot w* *r* mhM to & a , 

w The ikutei or whom to of past &®4 vapwa* tot* U a 

«o»t*h* tow«»8«, 'ftueugw ftetety*' tut i tontoo w* *»»U ewte 

Hftroe i« teWM* detail i» mm & to ftowteg aoto 


10 It W,6eo wot* of hoot Mr* ovolvoA to to 
thin fe«a Is totemltted to to mujlifti S purist If 
fiad tot, taking to apriHle Wt of to latter m 0 its 
towpifttftte of l part fey woigWi <4 *qmtm n^war I®' A 
®®*ai i fejjnee to HAW unite of h«at mhm its teeapwrata 
eenVvrtdi into water to * ttowd fwt ton to 
m& toi#w, to eaUttlattog to tow j mtwt of oaMtorife 
toot voittwe mo»t hi teWt tote oonridototeit tor a 

ripto gtvan fey Oifet nt W Mtm m% vs 

dtaosepiistoftfefsto^dl m to tot tot &„ 

to u 4«toito i doarn, tot msUnly m to tot tot to 
tttottt) m to totemtotto of High tMaemtoH 
toogoi ot totowtote tetoftopi, i Uto aw 
Buttoittoft. %t^tegtote»p«^»ef to 8w.eiw 
I took, to avewpof to m««t tewtwto fetermteftto* 

to toitare ia ignited who proMaxo ofeteindi in 
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Mixturos of hydrogen and of various other gases with oxygen, 
arc takon advantage of for obtaining high temperatures. By the* 
aid of such high temperatures metals like platinum may be melted 
on a largo scale, which cannot bo performed in furnaoes heated with 
charcoal and fed by a current of air. The burner, shown in fig. 34, is 
constructed for tho application of detonating gas to tho pui'poso. It 
consists of two brass tubes, one fixed inside tiro othor, as shown in tho 
drawing. Tho internal contral tubo 0 0 conducts oxygen, and tho 
outside, enveloping, tubo E' E' conducts 
hydrogen. Previous to tlioir egress tho 
gases do not mix together, so that 
there can bo no explosion insido tho 
apparatus. When this burner is In 
use 0 is connected with a gas-holder 
containing oxygen, and E with a gas- 
holder containing hydrogen (or some* 
timos coal-gas). Tho flow of tho gases 
can bo easily regulated by tho stop- 
cocks 0 II, Tho flamo is shortost and 
ovolvos the greatest boat when tho 
gases burning are in tho proportion of 
1 volumo of oxygen to 2 volumes of 
hydrogon. Tho degree of boat may bo 
easily judged from tho fact that a thin 
platinum wiro placed in tho flamo of a 
properly proportioned mixture easily bui^ fo^flotanaung 

molts. By placing tho burner in tho 

orifleo of a .hollow pieco of lime, a cruclblo A B is obtained in which 
the platinum may bo easily melted, evon in large quantities if tho 
current of oxygon and hydrogon bo sufficiently great (Devillo). Tho 
flamo of dotonating gas may also bo used for illuminating purposes. 
It is by itsolf very pale, but owing to its high temperature it may 
servo for rendering infuaiblo objoots incandescent, and at tho very 
high temporaturo produced by tho detonating gas tho incandescent 

flatter of gas engines. In this caso advantage Jo taken, not only of tbo pressure pro- 
duced by tho explosion, but algo of that contraction Which takes plooo after the explosion. 
On this la based tho construction of so v oral motors, of ■which Lenoir’s was formerly, and 
Otto’s Is now, the best known. Tho explosion Is usually produced by coal-gas and air, 
but of lato tho vapours of combustible liquids (kerosene, bensene) are also being 
employed In place of gas (Chapter IX.) In Lenoir’s engine a mixture of coal-gas ana 
air is Ignited by moans of sparks from a Ituhmkorfl’s ooll, but in the most reoout maohine» 
the gases are ignited by the direct action of a gw jet, or by contaot with the hot walls ot 
» side tube, 

*9 
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CttbatAnro givm a t»«*i intone* light For this purpoe* lime, mag. 
Iin-.i.i, i»r oxide of lirmnium are used, m they *w *k»I fusible «t 
the very high temperature «.••<. by th«* driutt* xttug g«, A stxuUI 

cylinder of How pUc**i in the iUum «»f detonating ga*, »? regulated to 
the required point, gives a *>*ery brdlunl white light, which wrw *t one 
Ut m jiropoeed for iltaminatmg lighthouse*. At present in the minority 
of antes the electric light, owing u< tu t»n«t4tn'y *m! other ndvanUgM, 
hint replaced it for ihi# puq*rae The tight produced by the bums* 
4«teotH’fJ of Hm« in dcU»n*Ung ffftA i» taJJntf the I*r»mnw»ii Ityht or 
Urmiujht 

1 1 m nbevn oust** form example* of the combustion of element* fa 

oxygen, but exisweUy smtikt phenomena are uWrvel in the en. mAmi&m 
qf mmptmmk. Ho, for insUtnn the m\u\, v^hmvln% shiny xtihtoMOq, 
imphthftJwtt, 0n»llft, bum# in the mr with » ««»«ky $«*?**, whilst to 
oxygen it continues Ut burn with a very brilliant tk»«. Alcohol, oil, 
«nd other etthetiUMXM hunt brilliantly in oxygen »n conducting the 
oxygon by a tub# Ui the dame of lamp* burning these, mhatarum A 
high te»pt*mtttr« to thus evolved, which is muwlitm* taken Advantage 
of In ehtotnitml prwetietr. 

In order to uwtewi&nd why eott»bueti'»n in oxygen pn***wrl« more 
rapidly, nod to acc o mpanied % a mot* intense Hmt effect, than corn* 
buxtion to air, it must be reeoUeeted that air to oxygen diluted with 
nitrogen, which dots not irapport mmboatioffo and therefore fewer par- 
ticle* of oxygen ftw to Uw surface of a sratmtane** burning to air than 
when framing to pure oxygen, beiid** which the reason of too totetudfcy 
of comlraxtUm to oxygen to too high tumpemtum acquired hy the «uh- 
afcamni burning in it,* 1 *** 

1,1 ** let us «m«nfor &• an ratarapfo tfo» of anlpttur ta »lr «tto l» avgea 

If l para to stopfera* bran# t« air at mfgm it «*to*«* ia oilfow mm Ilia «tot» to tw*t« 
l*> evtom teileWttl hmi for torntfo «g tjtna para* to «■<**## I* ft This fora* is fbto to nil 
twrawdtttol to tbs stopfci**«* aakylrM#, it> B fo*»#4 Up A# to «sipto*r 

with «*yp», to its e aitoia i toun i gnu* to tttof&wr Mm I gwra to e^wnn* »»> 
hytWtfo«-f4!> the stopbtt* wsMem with t para to e«fg*a. ta wi4wr tfoi* t gram to 
Biwiuto hwte mmm to I ferara to osypa to sto,tt t» ww«f| that »•* gmw» 
to nltrepm should tonmVtoraendy wmh As swhfosfiheeauaK tot imsrattoft# #e¥*toy>««#® 
pert# to totropn (V>y we^ht) t»t twaaty-lhrsa fMto to mfgm, Thu* la the twraNtotoe 
to 1 para to stoptar, the^^ito tutoa to fow* ate tr»nw«Sthto to t gfwwt to' «to}*h»ir«»M 
ft»d fo at hast Pi pi «tw to aUxegae, M Pm otot to u*%% Or r#s|ttifr4 to rto*» 
I para to wtphurfflB* togAtot 1® fh, toertoara • pe* oil nett, tfo to** 8*4 
B^nj« of nihmpa reqtom W x OUtt to* «*v4 «tot to fowl, toto thertom In enfer t*» raise 
k>fb kw«i» i« c, tm+im i* ni wtot to taito't* rapwt; foit m the «*rabtwtt»B to 
WU xalpaw ovolroa units to hi«h ttwswtaPi U..» §mm itoght Ue fowled of tWttr 

Xpeettfli hMts romaiaetl ooostaot) fo r,r 1^* H 0* T1»at fo, th» *h4»u#» ps*siW« 

Uwapwatuf# to A« ftraiw of Ora sulphur bortong m »ir wUl ira I#7» * A 

•ioa of tits wuphOT is uxygon.tho h«rt evolved ( 3 »US 0 ratifo) om* ra»ly ge** fo the igtwwe 
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Among the phenomena accompanying the combustion of certain 
substances, the phenomenon of flame attracts attention. Sulphur, 
phosphorus, sodium, magnesium, naphthalene, &c., burn like hydrogen 
with a flame, whilst in the combustion of other substances no flame is 
observed, as, for instance, in tho combustion of iron and of charcoal. 
The appearance of flame depends on tho capacity of tho combustible 
substance to yield gases or vapours at the temperature of combustion. 
At the temperature of combustion, sulphur, phosphorus, sodium, ancj 
naphthalene pass into vapour, whilst wood, alcohol, oil, *fec., are decom* 
posed into gaseous and vaporous substances. The combustion of gases 
and vapours forms flames, and therefore aflame is composed of the hot 
and incandescent gases and vapours produced by combustion. It may. 
easily be proved that the flames of such non-volatile substances as wood 
contain volatile and combustible substances formed from them, by 
placing a tube in the flame connected with an aspirator. Besides the 
products of combustion, oombustible gases and liquids, previously in the 
flame as vapours, collect in the aspirator. For this experiment to 
succeed — i.e. in order to really extract combustible gases and vapours 
from the flame — it is necessary that the suction tube should be placed 
inside the flame. The combustible gases and - vapours can only remain 
unburnt inside the flame, for at the surface of the flame they come into 
contact with the oxygen of tho air and burn . 49 Flames are of different- 
degreos of brilliancy, according to whether solid incandescent particles 
Occur in the combustible gas or vapour, or not. Incandescent gases 
and vapours emit but little light by themselves, and therefore give a 
paler flame . 43 If a flame does not con tain solid particles it is trans- 

of sulphurous anhydride, and therefore tho highest possible temperature of the flame of 
the sulphur in oxygen will be ■» or 7368°. In the same mammy it may be colon- 

luted 'that the temperature of oharoaal burning in air cannot exceed 2,700°, while is 
oxygen it may attain 10,100° O. For this reason the temperature in oxygen will always 
bo higher than in air, although (judging from what has been said rospeoting detonating 
gas) neither ono tomporatnro nor tho other will ever approximate to the theoretical 
amount. 

<* Faraday proved this by a very convincing experiment on a eandlo flame. If ono 
arm of a bent glass tube bo placed in a candle flame above the wide in tho dark portion 
of the flame, then the products ‘of tho partial combustion of tho stearin will pose up the 
tube, condense in the other arm,,eCnd eolloot in a flask placed under it (flg. 85) as heavy 
white fumes which burn whan lighted. If the tube be raked into the upper lumi- 
nous portion of the flame, then a dense block smoke which will not inflame accumulates 
in the flask. Lastly, if tho tube be let down until it touches the wide, then little bat 
-stearics aoiil condenses in the flask. 

« All transparent substances which transmit light with great ease (that is, which 
absorb but little light) axe but little luminous when heated; so also substances which 
absorb but few heat rtvyn, whan hooted transmit few rays of boat. 
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parent, jmlo, and emits but lltth* light,** The flames of burning 
alcohol, sulphur, ami hydrogen are of this Uiui. A pale flame may b® 
rendered luminous by placing Ann particles uf »>>lni m »tn>r in it, Thau, 
if u very line platinum wire 1** pi#* «*<1 in the pale shim** of burning 
edctjhoC— or, bitter atill, of hydrogen ~«th« flame emit* a bright light 

This i’» aidl latter g#§n 


m®, evtMrlismti tut tnmMfittilg tt* 

dlttavmt et ft ©Uettft tUttt*. 


by sifting the paw dor of 
an incombustible substance 
finch (m liim sand, into th» 

flame, or by placing n bunch 

of a-alwaloa thread® in It 
Every brilliant flame always 
contain* « hind of solid 
partklra, or at least mnmt 
Very dense vapour. Till 
flame of audium burning 
in oaygen ha* h brilliant 
yellow colour, from th© 
presence of particle* of ©olid 
©odium mud©. The flam# 
of magnesium ia brilliant 
from the fact that iu hum* 
fog it form# *4 id magn«*k,. 
which Imomnn* white hot, 
and aimikrly the brill lan ey 
of I h« Drummond light 1# 
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of oxygen— be insufficient for their combustion the flame smolces, because 
the unconsumed particles of oharcoal are carried off by the current of 
air . 46 

•i° In flames the separate parts may bo distinguished with more or loss distinctness. . 
That portion of the flame whither the combustible vapours or gases flow, is not luminous 
because its temperature is still too low for the process of combustion to take place in it. 
This is the space which in a candle surrounds the wick, or in a gas jet is immediately 
above the orifico from which the gas escapes. In a candle the combustible vapourB-and: 
gases whioh arc formed by the aotiou of heat on the melted tallow or stearin rise in th<). 
wick, and are heated by tho high temperature of tire flame. By the action of the heat, 
the solid or liquid substance is here, aB in other eases, decomposed, forming products of 
dry distillation. These products ooour in the central portion of the flame of a pandle. 
Tho air travels to it from the outside, and is not able to intermix at onoe with the vapours 
and gases in all parts of the flame equally ; consequently, 
in the outer portion of the flame tho amount of oxygen will 
be greater than in tho interior portions. But, owing to 
diffusion, the oxygen, of course mixed with nitrogen, flowing 
towards the oombustiblo substanoe, does finally penetrate to 
the interior of the flame (when the combustion takes place 
in ordinary air). The combustible vapours and gases combine 
with this oxygon, evolve a considerable amount of heat, and 
bring about that stato of ipoandoscence whioh is so necessary 
both for keeping up tho combustion and also for tho uses to 
winch tho flame is applied. Passing from the odder onvelopo 
of air through the interior of the flame, to the source of tho 
combustible vapours (for instance, tho wick), wo evidently 
first travorso layors of higher and higher tomparaturo, and 
then portions whioh aro loss and Iobb hot, in which the oornbuB- 
tion is loss complete, owing to tho limited supply of oxygen. 

Thus uuburnt products of tho decomposition of organic 
(lubstnncos ooour in tho interior of the flame. But thoro is 
always free hydrogen in tho interior of tho flame, oven when 
oxygou is introduced there, or when a mixturo o! hydrogen 
and oxygon buxns, booauec (he temperature evolved in the 
combustion of hydrogen or the carbon of organio matter is 
so high that the products of combustion are themselves 
partially decomposed — that is, dissociated— at this tempera* 
ture. Honoe, in a flame a portion of the hydrogen and of 
tho oxygen whioh might combine with the oombustible sub- 
stances must always bo present in a free state. It a hydro* Fjo. 89.— In the onndlo flame 

carbon hums, and wo imagine that a portion of the hydrogen tll ° portion 0 contains the 

is in a free atato, then a portion of tho oarbon must also ooour composition fin the bright 

in the same form in the flame, because, other conditions sono A the oombuutlon. uaa 

being unchanged, oarbon burns after hydrogen, and tlflB S’oMbonaro' emitted ; a«S 

is actually observed iu tho combustion of various hydro* (n tho polo cone 11 the oot» 
carbon*. Charcoal, or the soot of a common flame, arises bustton la oomplut«l. 
from the dissociation of organio substatfees contained in tho flame. The majority of 
hydrocarbons, especially those containing much oarbon— for instance, naphthalene- 
burn, even in oxygon, with separation of soot. In that portion of the flame Where 
tho hydrogen hums tire oarbon remains unburnt, or at least portly so. It is this 
free carbon whioh causes the brilliancy of tho flame. That the Interior of the flame 
Contains w mixture wliioh iu still capable of combustion may, be proved by the follow* 
big experiment ; A portion of tho gases may be .withdrawn by an aspirator from, 
tho central portion of the flame of <M^rbonJo oxide, which fa oombustible in air. For 




180 


PRINCIPLE® OP CHEMISTRY 


The combination of vanmia nuhstnnemi with oxygen may not 
present any signs of comhuntimi —that in, tho Unuporature may rise 
hut inoonaidorably Thia may oillmr jm*oo*«l from the fart that 1 
reaction of the nuluttaium (f<*r oxnmptp, tin, mercury. tend nt a hi 
temperature, or a mixture at pyrngallol with muatte potash at 
ordinary fcemptmfcttra) evolves hut little heat. <»r that the ! 

* evolved is trenamlttad to good conductors of heat, 1A«» metals, or tl 


evolved eueootvls In pausing to the warrmmtling ahjnrt* (hmdiuation 
la only a particular, intense, and evident «m» of combination with 


this purpose IhivIHe passed water lfer«»ggh a w*ullw tub* having » Re® later*) nrtSm, 
which is pla«d la to Same. A« to water ftew* along to tube p,«ru»n* »4 to gmm 
of to Hama enter, and, along to tub# alternately with ryttmterw *4 water, m 

carried away late an apparatus whsmthsy mm be tev##ti#»ted Is njp«**a tot all 
portions of tin* flame obtained by the ««robaeta*n «*f a miiture »4 e*» boats mid# and 
oxygen eantftJn a portbw of Ibis mittens still antemil- Yh# rweawiwh## *4 Itevlh# 


with rnp la a ela##4 epattn, emnplete eantotfteit daw »«t *»*»>r tab# pkw im* 
mediately. If two vefotae* of hydrogen and stt» »*4 <m*w> r*f ovyg#* b» miitaef In a 
otomd spaeu, lima m racpkwbm to pmemr# <h»#« «m* attain tot m*gn»»4# wbteh it 
tmgsm tom ta»edlak and complete eutnbwetem, It way to raktdeted to* tbs 
gavmmira should attain twenty, at* a te t oapto rw* In It ttoa mt mrmmt mum and a 

half einusephetea, 

Benue the admixture of the prodnel* of eamlmetten with an etptortvw mister* pr*. 




of any Cither tevefpi luterferea ia to m*m skmwt Thi» tot every portkei 

of a flame must ooalala oombuetihk, burning, ami atoady burnt * stewos-ir. «*yg»a» 
oaiftioa, earboule t*Jde, hydrogen, hylnwlMti, eartoate auhydrwte, *»4 water. Com 
sequently, ft in imptmihfa fa attain h tt lunU tnm m i siw e yfa te t»mbmth*n, «*4 this k mm 
of the reasons of the phenomenon of flame, A mhos* «p**» «» and the tem« 

pmturu must to unequal la dtAml part* *4 It. In this apae* di#*w»t quenMIkst *<f 
the (Hunpmnmt port# are suoofMMfvety subjected to aambtiaetnit, «*r *»» *»**4»»1 under the 
influence of adjacent objects, and rombustten only «n4# »hwe* th» iS«w» «od». If the 
eofflbusttoa could be eeaeootmtetl at mm epot, ttmi ib# m> wmtht bo timmu 

pambly higher than It Is uadif the actual fltro«tmstaMe«. 

Thu various regions of the Amssu have temmt the itmutmA «ib|«wt *4 #«p»rt*»w®t«J 
r#w««h ( and the e ap tri i a onh i by Umih e iU u*«4 Ittgte tiwai aw* purtteulMbf 

huitniutlvwj th^ «how that ttni NMy^rtitiiii) ml mtiMm f*«i«rter) of 

VM'flMMol Atoning §m flttg hi divided by tog * 8 mhm baiwg «mi swwM iiag 
the flume of 0iu gw h«mt to it, by anoth e r wider tube (toest th« mmmm at mint to l be 
annular ipaoo or aUowfug only a wsisdl current of tote pfl, wlwa a imdm wtomw, 
60,1 w.i fl v * and eaptbte of forthftf mmtou&m, will this 

wivtaepteg tube, m mat a «#©«fi4 ftow, aon r osyomlln g to the *Kt«otur 
«t an orofnary flame, may ha toctod above tor «»v«toto t*to ‘lbs# amt** of the 
nt ° *Z° po ^ a$ (to* w)m efanotpm 0#N* u burnt, f^mum the 

tawdor p<srtion (where 00 la phtefty ftwntad b» to nqssMiw C>Nj * Oj * 

? ttia ta wiWwbAI hot im entof, white to wtartar 

tfUr^Uja*' i, ” 8ms to MpNhM ef a fteah aaMtntlty *4 mj$gm 

to mm of nitrogen, protHwiildg turn to btotior pwtbaisj k <A a W»t»b*p«^ 
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oxygen. Respiration is also an act of combination with oxygen ; 
it also serves, like combustion, for the development of heat by thos? 
chemical processes which accompany it (the transformation of oxygen 
into carbonic anhydride). Lavoisier enunciated this in the lucid ex- 
pression, ‘ respiration is slow combustion.' 

Reactions involving slow combination of substances with oxygen 
are termed oxidations. Combination of this kind (and also combustion) 
often results in the formation of acid substances, and hence the 
name oxygen ( Sauerstoff ), Combustion is only rapid oxidation. 
Phosphorus, iron, and wine may be taken as examples of substances 
which slowly oxidise in air at the ordinary temperature. If such A 
substance be left in.o.ontact with a definite volume of air or oxygen, it 
absorbs the oxygen little by little, as may be seen by the decrease in 
volume of the gas. This slow oxidation is not often accompanied by 
a sensible evolution of heat ; an evolution of heat really does occur, only 
it is not apparent to our senses owing to the sipall rise in temperature 
which takes place ; this is owing to the slow rate of the reaction and 
to the transmission of the heat formed as radiant heat, Ac. Thus, in 
the oxidation of wine and its transformation into vinegar by the usual 
method of preparation of the latter, the heat evolved cannot bo observed 
because it extends over several weeks, but in the so-called rapid prooess^ 
of the manufacture of vinegar, when a large quantity of wine is 
comparatively rapidly oxidised, the evolution of heat is quite appa- 
rent. 

Suoh slow processes of oxidation are always taking place In nature 
by the action of the atmosphere. Dead organisms and the substances 
obtained from them — such as bodies of animals, wood, wool, grass, Ac. — 
are especially subjeot to this aotion. They rot and decompose — that is, 
their solid matter is transformed into gases, under the influence of 
moisture and atmospheric oxygen, and generally under the influence of 
othor organisms, suoh as moulds, worms, micro-organisms (bacteria), 
and the liko. Those are processes of slow combustion, of slow com- 
bination with oxygon. It is well known that manuro rots and 
developos heat, that stacks of damp hay, damp flour, straw, Ac., becorao 
hoatod and aro changed in tho process . 47 In all those transformations 
the same chief products of oombustion aro formed as those which are 
contained in smoke ; tho carbon givos carbonic anhydride, and the 
hydrogen water. Hence those prooosaoa roquiro oxygen just like oora- 
bustion. This is tho reason why tho ontiro prevention of aooess ofl 

r Cotton waste (used In factories t or denning machines from lubrioatlng oil) eoalfod 
"to. oQ and lying in heaps is aolf-oombu^tlbU, being oxidised by the air. 
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vrith nitric* acid. If strong nitrio acid be taken, and a piece of burning 
charcoal be immersed in the aoid, it continues to burn. Chromic acid 
acts like nitrio acid , alcohol bums when mixed with it. Although 
the action is not so marked, -even water may oxidise with its oxygen. 
Sodium is not oxidised in perfectly dry oxygen at the ordinary tem- 
perature, but it burns very easily in water and aqueous vapour 
Charcoal can burn in carbonic anhydride — a product of combustion — 
forming carbonic oxide. Magnesium burns in the same gas, separating 
carbon from it. Speaking generally, combined oxygen can pass from 
one compound to another. 

The products of combustion or oxidation— -and in general the definite, 
compounds of oxygen — are termed oxides. Some oxides are not capable 
of combining with other oxides— or combine with only a few, and then 
with the evolution of very little heat ; others, on the contrary, enter 
into combination with very many other oxides, and in general have 
remarkable chemical energy. The oxides incapable of combining with 
others, or only showing this quality in a small degree, are termed 
indifferent oxides. Such are the peroxides, of which mention has before 
been made. 

The class of oxides capable of entering into mutual combination 
we will term saline oxides. They fall into two chief groups — at least, 
as regards the most extreme members. The members of one group 
combine with the members of the other group with particular oase, 
As representative of one group may be taken the oxides of the metals^ 
magnesium, sodium, calcium, &o. Representatives of the other group 
are the oxides formed by the non-metals, sulphur, phosphorus, carbon. 
Thus, if we take the oxide of calcium, or lime, and bring it into 
contaot with oxides of the second group, combination very readily 
ensues. For instance, if we mix calcium oxide with oxide of phos- 
phorus they combine with great facility and with the evolution of 
much heat. If wo pass the vapour of sulphurio anhydride, obtainod 
by tlio combination of sulphurous oxido with oxygon, over pieces of 
limo heated to redness, tha sulphuric anhydride is absorbed by tho 
limo with tho formation of a substance called calcium sulphate. Tho 
oxides of tho first kind, which contain metals, aro termed basic oxides 
or bases. Lime is a familiar example of this class. Tho oxides of the 
second group, which are capable of combining with tho bases, are 
termed anhydrides of the acids or acid oxides. Sulphurio anhydride, 
S0 3 , may bo taken as a typo of tho latter group. It is a compound 
of sulphur with oxygen formed not direotly but by the addition of 
a fresh quantity of oxygen to sulphurous anhydride, S0 2 , by passing 
St together with oxygen over incandescent spongy platinum. Carbonic 
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anhydride (often termed carbonic Mkt % 00* phoigshono anhydride, 
sulphurous anhydride, are ail arid oxides, for they ran combine with 
Buch oxides as iimo or calcium nxuln. m«$pse»k or magnesium uxidn, 
MgO, soda or sodium oxide, Na t O, An 

If a given element form hut one haaie oxide, it I# termed tho «ts«db * 
for ©xarople, ooloiam oxide, magnesium oxide, potassium oxide 8«nrm 
Indifferent oxides are sdsoe&lkd ‘oxide# * if they have not the* properties 
of peroxides, and at the same time do not show the properties of arid 
anhydridcm-for example, carbonic oxide, of which mention has already 
boon made. If an element forms two basic ox (dm (*»r two indifferent 
oxides not having the oharaoteriatic* of a peroxide) then that of the 

lower degree of oxidation Is called ft tuWid* that la, sulx*xii)e« contain 

less oxygen than oxides. Thu«, when copper fa heated to redness in a 
furnace it leortMts la weight and absorb# oxygen, until for 03 part* 
of copper there Is absorbed not morn than B park of oxygen by weight, 
forming a red mass, which is auboxide of copper ; hut if the mating 
•bo prolonged, and the. draught of air Increased, M j*art« of copper 
absorb 10 parts* of oxygen, ami form black oxide of copper, Sum®, 
times to distinguish between the degrees of oxidation a change at 
nuflix is made in the oxidised element, >ie oxide denoting the higher 
degree of oxidation, and -on* oxide the Inwar degree, Thus ferrous 

A«U« H«J .ulJ. » Ik. V, ... _ > S 1 . .* 
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chlorine dioxide, • chlorine trioxide, and chlorine tetroxide or chlorio 
anhydride. 

The oxides themselves rarely undergo chemical transformations, and 
in the few cases where they are subject to such changes a particularly 
important part is played by their combinations with water. The 
majority of, if not all, basic and acid oxides combine with water, either 
by a direct or an indireot method forming hydrates — that is, compounds 
which split up into water and an oxide of the same kind only. It 
is well known that many substances are capable of combining with 
water. Oxides possess this property in the highest degree. We have 
already seen examples of this (Chapter I.) in the combination of lime, 
and of sulphuric and phosphoric anhydrides, with water. The resulting 
combinations are basic and acid "hydrates. Acid hydrates are called 
acids because they have an acid taste when dissolved in water (or 
saliva), for then only can they aot on the palate. Vinegar, for example, 
has an acid taste because it contains acetic acid dissolyed in water. 
Sulphuric acid, to which we have frequently referred, because it 
is the acid of the greatest importance both in practical chemistry and 
for its technical applications, is really a hydrate formed by the com- 
bination of sulphurio anhydride with water. Besides their aoid taste, 
dissolved acids or aoid hydrates have the property of changing the blue 
colour of certain vegetable dyes to red. Of these dyes litmus is 
particularly remarkable and much used. It is the blue substance ex- 
tracted from certain lichens, and -is used for dyeing tissues blue , it 
gives a blue infusion with water. This infusion, on the addition of an 
acid, changes from Hue to mZ. 80 

»o Blotting or unsized paper, soaked in a solution of litmus, (b usually employed for 
deteoting,the presence of acids; This paper is out into strips, and is called test paper ; 
when dipped into aoid it immediately turns red. This Is a most sensitive reaction, hnd 
may be employed for testing for the smallest traces of acids. If 10,000 parts by woight 
of water be mixed with 1 part of enlphuria acid, the coloration is distinct, and It is 
even perceptible on the- addition of ten times more water. Certain prooautions must, 
however, be taken in the preparation of such very sensitive litmus papor. Litmus is 
sold in lumps. Tako, say, 100 grams of it ; powder it, and add it to cold puro wator in 
a flaslcj shake and decant the water. Repeat this throo tiraoB. This is done to wash 
away easfly-solublo Impurities, especially alkalis. Transfer the washed litmus (it is washed, 
with absolute aloohol to romovo the non-sonsitivo reddish colouring matter) to a flask, 
and pour in 000 o.c, of wator, boat, and allow tho hot infusion to remain for somo hours 
in a warm place. Then filter; and divide tho filtrate into two parts. Add a fow drops of 
nitrio aoid to one portion, so that a faint rod tingo is obtained, and thon mix the two 
portions. Add spirit to the mixture, and keep it in a stoppurod bottle (it soon spoils 
if loft open to the air). Hub infusion may bo employed direotly j it reddens in the 
presonoe of aoids, and turns bluo In tho presence of alkalis. If evaporated,, a solid mass 
is obtained which is solublo in wator, and may bo kept unchanged tor any length of time. 
The test papor may be preparod as follows : — Take a strong infusion of litmus, and soak 
blotting-paper with it ; dry it, and out it into strips, and use it as test-paper for aoids. 
For the detection of alkalis, the paper must be soaked in a solution of litmus just red- 
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Basic oxides, in combining with water, form hydrates, of which, 
however, vory few arc soluble in water. Those which are soluble in 
water have an alkaline taste like that of soap or of water in which 
wood ashoa have been boiled, and are called alkali®. Further, alkalis 


and potassium, NallO and KHO, are example# <»f basic hydrate® 
easily soluble in water. They are true alkalis, and arc termed musiw, 
because they act very powerfully on the skin of animals and plants. 
Thus NallO is oallerl ‘ caustic ' soda. 

The saline oxides are capable of combining together and with 
water. Water itself is an oxido, and not an indifferent one, for it can, 


/;■ U Vl l OMHfMM 


tativo of a whole series of saline oxides, intermaiutl* imam, capable df 
combining with both basic and acid oxides. There are many such 
oxides, which, like water, combine with basic and acid anhydrides -for 
Instance, the oxide# of aluminium and tin, in. From this it may be 
concluded that all oxide# might be placed, In reepeet to their capacity 
for oombining with one another, in one uninterrupted scries, at one 
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to chemical reaction. The gaseo-elostic state is with difficulty destroyed, 
because it necessitates overcoming the elasticity proper to the gaseous 
particles. The solid state is characterised by the immobility of ita 
particles ; whilst chemical action requires contact, and hence a dis- 
placement and mobility. If solid oxides be heated, and especially if 
they be melted, then roaction proceeds with groat oaso. But such a 
change of state rarely occurs in nature or in practice. Only in a few 
furnace processes is this the case. For example, in the manufacture of 
glass, tho oxides containod in it combine together in a molten state. 
But when oxides combine with water, and ©specially when they form 
hydrates soluble in water, then the mobility of their particles increases 
to a considerable extent, and their reaction is greatly facilitated. Re- 
action then takes place at the ordinary temperature — easily and rapidly ; 
so that this kind of reaction belongs- to tho class of those which take 
place with unusual facility, and are, therefore, very often taken advan- 
tage of in practice, and also have been and are going on in nature at 
©very step. Wo will now consider the reactions of oxides in the state 
of hydrates, not losing sight of tho faot that water is itself an oxide 
with definite properties, and has, thoroforo, no littlo influence on the 
course of those changes in which it takes part. 

If we take a definite quantity of an acid, and add an infusion of 
litmus to it, it turns red ; tho addition of an alkaline solution does not 
immecliatolyaltor tho rod colour of tho litmus, but on adding more and 
more of tho alkaline solution' a point is reached when tho ml colour 
changes to violet, and then the further addition of a fresh quantity of 
tho alkaline solution obangos tho colour to blue. This change of tho 
colour of the litmus is a consequence of the formation of a new com- 
pound. This reaction is termed the mhmtikm or mutraUwitwn of 
.tho aoid by the base, or vied vered. The solution in which the arid 
properties of tho acid are saturated by the alkaline properties of the 
baso is tormod a neutral solution. Such n solution, although derived 
from tho mixture of a huso with on acid, does not exhibit either 
tho acid or basic reaction on litmus, yot it preserves many other 
signs of tho acid and alkali. It is observed that in such a definite 
admixture of an acid with an alkali, besides tins changes in tho colour 
of litmus there is a heating ofToct — i,e. an evolution of heat which is 
alone sufficient to prove that there was chemical action. And, indeed, 
If tho resultant violet solution be ovajxmitod, there separata* out, not 
tho acid or tho alkali originally taken, but a «jb»ikn©© which ha# 
neither acid nor alkaline properties, but Is usually «oHd and crystal- 
line, having a saline appearance ; this la a soft in the chemical mtm§ of 




duoed by the combination of anhydrous nxhlm together. M Example* 
of the formation of Halt* from acids ami Iwmm aw email y uhwrvotl, and 
aro very often appliml in practice. If wo taka, for instance, insoluble 
magnesium oxido (luagntmia) it in oawily dissolved in aulphurio arid, and 
on evaporation gives a saline sultalance, bitter, tike ail ihoaalUof mag. 
nesium, and familiar to all under the name of Epsom salts, used as a 
purgative. If a solution of caustic aoda— which is obtaimwl, as we saw, 
by the action of water on sodium uxido—b** jam red into a flask in which 
charcoal has boon burnt ; or if carbonic anhydride, which it produced 
under so many eiroumataneea, bo ptuiaatl through a »tdutb»u of catwtie 
soda, then wdiurn earbt.mate or wda, Ne,UO„ k obtained, «»! which we 
have spoken several timrn, and which m prepared cm a largo scale and 
often used In manufacture's!, Xhi» reaction k expressed by the equation, 
2NaH0d»Q0 # »Ka,G0 a EH 8 0. Thus, the various law and iusid» 

fnmi an nnmiiAi< nf mHWont iw](«.U Haifa [Hinatitutn tin 


1,1 That water really 1« eepantol la to wanttoa *4 **44 m «4k<4i«t« hydrate** may be 
shown by taking emus utot Intermediate hydrato-for e*a*w|4®, alumina n>«Wl s4 
water. Thus, it a tmUitiwi ol alumina In mlpbtirto nee) to token, it w»U b**». bk» to 
add, an a<>id reaction, and will thwretere ettour Itlmw* r*4. It, m to »tor band, » 
solution of alumina in an alkali— any, jw.te4» • to token, it will have mi alkaline 
motion, and will turn red lifcmu# blue. t>» adding to alk&tiM t*» to atol adwlton 
until naitor an alkaline wr an te-id reaotot i* pmdweed, a mH I* (now*!, t*in*4aUng *4 
tulpUujrie anhydride and poU-Mium t*xid». In thia, »» in Mm rwwto* *4 hydrate*, an 
intermediate oxide 1# Mparated onv—iiamely, alumina. Us mpuftAhm will to vary evident 
ta tide owe, an alumina la bwduW# in water, 

w The mutual iateTMtoi <4 hydrate*, awl toor mpaeity *4 tormiMg «lt», may to 
tekea advantage nf for determining to cha ranter ,4 tow hydrate* «toh «».< inaotubl* 
to water, bet at taMft^aut tot a gtom fcj&Mlft, whom tomna) atoeUr t* unknown, M 
toanluble to wato, IktethftCe&M impnaithtt to t»d ill meita «n burn**, It m ton 
Bdxatl with, water, and an add-ter taste***#, aalplmrte *bM -it added te ili« miilura U 
to hydrate taken to baste, msitkm wW take fto**, *i tor to-rtly «r to to m4 «4 
heat, with the tomafcfai of a <w4fc. In (mrtniit cmmkn, to rmmllant e*Ji #» *«l«hl« m 
water, and Ud« will at mn*a tow tot o wn b l naimn km town piece betwewi to «i» 
soluble basin hydrate aiwl to afehl, with to kmmUm «4 a «4ul»W aaltne wilmiaMv**, l» 
those oa*e» where, tee multot tall i« to t d«l4». mUI to water hmm> it. mU twhw, 
end Uiererun it may 1ms aeowtetod, by to addtom <4 m w'HL, wtotot « given hydrate 
km a baste toraoter, like to hydrate* of mtete «4 mppm, tod. ##. If a*# mki A >w* 
u^it net m, tee given lewd a bln hydrate (at any teeapefatem), ton it km m «4 a tm*ta 
tearaeter, ted It ahtmld. he toted as to whattwr (|)mm m *M tearmder. Tbi* t* iUm 
by taking an alkali, instead of the odd, and by ©toirvtag wtestov to ititewN hydrate 
then dtesolve*, or whether to alkaline waottea dteapp««, Ttot tt may be praved tot 
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example of definite chemical compounds, and Loth in the history and 
practice of science are most often cited as confirming tho conception of 
definite chemical compounds. Indeed, all tho indications of a definite 
chemical combination arc clearly seen in tho formation and properties 
of salts. Thus, they aro produced with a definite proportion of oxides, 
heat is evolved in their formation / 3 and tho chemical character of tho 
oxides and many of the physical properties become hidden in their salts. 
For example, whon gaseous carbonio anhydride combines with a ban© 

hydrato of uilioa is acid, bocautfo It dissolves In alkalis and not in acids. If it Ik* a ea» 
of an Insoluble intermediate hydrate, thou it will bo observed to react on both the aeitl 
and alkali. Hydrate of alumina is an instance in question, which is soluble both in 
caustic potash and in sulphuric aoid. 

Tho degree of affinity or chemical energy proper to oxides and their hydrates is very 
dissimilar { somo extreme members of the series possess it to a great extent, When 
acting on each other they evolve a large quantity cjf heat, and when acting on intermediate 
hydrates they also evolve heat to a considerable degree, as wo saw in tho combination 
of limo and sulphuric anhydride with water. When extreme oxide# oombino they form 
stable salts, which aro decomposed with difficulty, and often show characteristic proper- 
ties. Tho compounds of tho intermediate oxide# with each other, or even with basic 
and aoid oxides, present a very different case. However much alumina wo may diattolv© 
in sulphuric aoid, wo cannot saturate tho aoid proportion of the sulphuric aoid, the 
resulting solution will always have an acid reaction. 80 also, whatever quantity of 
alumina is dissolved in an alkali, tho resulting solution will always preach t an alkaline 
reaction. 

48 In order to givo an idea of tho quantity of heat evolved in tho formation of Halts 
X append a table of data lor very dilute aqueous solution* of acids and alkalis, accord* 
ing to the determination# of Dorthelot and Thomsen. The figure# aro given in motor 
calories— that'is, in thousands of units of heat. For example, 40 grams of sulphuric add, 
HjS 0 4 , taken in a dilute aqueous solution, when mixed with such an amount of a 
eolution of oaustlo soda, NaHO, that a neutral salt Is formed (when all the hydrogen of 
the acid is replaced by the sodium), evolves 10,800 units of heat. 
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These figures oanrlot ho considered as the heat of neutralisation, because the vnttet 
hero play# an important part. Thus, for Instance*, sulphuric acid and caustic soda to 
dissolving in water evolve very much heat, and the resultant sodium sulphate very little t 
consequently, the amount of heat evolved in an anhydrous combination will be different 
from that evolved to a hydrate '1 combination. Those acids which are not «nerg»tta to 
combining with the a&me quantity of alkali# required fur Uus formation of normal anils 
of aulphurio or nitric acids always, however, give town heat. For instance, with eau»Uo 
sodai carbonic acid give# IQ'& r hydroeyanio, S'O, hydrogen sulphide, 8 0 major calorie*. 
And m feeble bases (for example, Fo u Oa) also evolve Urns heat than those which are more 
powerful, »o a certain general correlation between thormoohsmical data and tho degree of 
affinity shown itself bore, os In other carers (are Chapter II., Note 7) } rid# dors riot, how* 
ever, give any reason for measuring tho affinity which bind# the element# of writs by the 
beat of their formation to dilute solutions. This is very dearly demonstrated by the 
(ad that water la able tn decompose many salts, and te separated In their formatter. 




passage into the salt,* 4 

Judging from tin* above, a wit is % cotnpm 
acid oxides, or tbs result of ih« action of hydrate* « 


by metals, and acid oxides usually by non metal*. Rut metala and 
non metal* are capable of combining together, and a salt, is frequently 
formed by the oxidation of such a compimtsd. For example, iron v*»ry 
easily cam bines with sulphur, forming iron sulphide FeS (*n w»? mw 
in the Introduetion) ; this in air, and especially moist air, absorbs 
Oxygen, with the formation of the name writ pVKo,, that may bn obtained 
by t|se combination of the oxides of iron and sulphur, or of the hydrate* 
of these oxides. Hence, It cannot ire said or sup|ta«*d that «, salt, has 
the properties of the oxides, or must neewmrity contain two kind* 
Of oxide* in itself. The derivation of writ* from oxide* is merely one 
of the method* of their proparattou, Wo saw, f«r instance, that in 
•ttlphurio add it was possible to repine© the hydrogen by <im\ and that 
Jby this means tine wlpbate was formed ; no likewfsd the hydrogen 
In sway ether acid* may bo replaced by nine, iron, potassium, sudittm, 
'and a whole §«rt©s of similar metals, corresponding salts Mug 
‘obtained, The hydrogen of the add, In alt then® cases, is exchanged 
for a metal, and a salt la obtained from the hydrate. Regarding a 
salt from thin point of view. It may be said that n sail m *m or id in 
^whieh hydrwjm ta replaced by « mated. This definition shows that a 
'salt and an acid are essentially compound* of the «*m« aeries, with the 
difference that the latter contains hydrogen and the former a metal, 
So oh a definition is wort exact than the first definition »f salts, 
huummch a« it Ukewine include® those acids which do not contain 
oxygon, and, m wo shall afterwards barn, there is a series of such acids. 
Snoh elements m ohbtint and bromine form compounds with hydrogen 
to whfah the hydrogen may he replaced by a metal, forming KubsUttea* 
wbteh, In thorn metes and. external characters, resemble Urn wUta 
formed from oxides Table salt, HaO, U m example of this. It tmy 

M tarlwnte (W»U^4rt*k wotm teat 4i dtawnivtas la wets*, Tt» Mutant** *?**>% «ta- 
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fee obtained by the replacement of hydrogen In hydrochloric acid, HOI, 
fey the metal sodium, just as sulphate of sodium, Ha a B0 4l may b® 
obtained by the replacement of hydrogen in sulphuric acid, H a 80„, by 
sodium. The exterior appearance of the resulting products, their 
neutral reaction, and even their saline taste, show their resemblance 
to one another. 

To the fundamental properties of salts yet another must Iks added— 
namely, that they- are more or loss decomposed by the action of a galvanic 
current . Tho results of this decomposition are very different according 
to whether the salt be taken in a fused or dissolved state. But the decora* 
position may generally be so represented, that the metal appears at tho 
electro-negative pole or cathode (like hydrogen in tho decomposition of 
water, of its mixture with sulphuric acid), and the remaining parts of 
the salt appear at the electro-positive pole or atiodo (where tho oxygon of 
water appears). If, for instance, an electric current acta on an aqueous 
solution of sodium sulphate, then tho sodium appears at the negative 
pole, and oxygon and tho anhydride of sulphuric acid at the positive 
polo. But in tho solution itself tho i-osult is different, for sodium, m> 
wo know, decomposes water with ovolution of hydrogen, forming 
caustic soda j consequently hydrogen will bo evolved, and caustic am la 
appear at the negative polo : while, at tho positive pole the nulphurio 
anhydride immediately combines with water and forms sulphuric acid, ( 
and therefore oxygen will he evolved and sulphuric acid farmed round 
this polo. 0 ® In other, cases, when the metal separated is not able to 
decompose water, it will be deposited in a free slain. Thus, for example, 
in the decomposition of copper sulphate, copper separates out at tbt> 
cathode, and oxygen and sulphuric acid appear at the anode, and If a 
copper plat© be attached to the positive pole, then tho oxygen evolved 
will oxidise the copper, and the oxide of copper wUl % di»selvn anti t«i 
deposited at the negative polo— that ia, a transfer of copper from the 
positive to tho negative polo ensues. Tho galvnnopiawtio art (electro- 
typing) is based on this principle. 60 Therefore tho «m>t radical and 
general proportion of salts (including also such salt# «a table salt, which 

88 Thin kind of ilccuiujHinitinji may to easily ulmprved by j»>ut,t.g «. » >.f «, 

Sulphate into a U-nlmpwl tttto and iiiaortnig elwlrmt®* in U.® l».» 1 sum. l.ra It it® oj,,. 
tloa be coloured with an infusion of hltmi*, it will easily to ®cci, ttoi ,t tutus Me® a? 
cathod»,owittg to the formation of hydruauU, and ml *t U»® 

IkjIo, from tho formation of sulphuric ecu). 

J * lu other caw's the d«ocitn}HmlUott <•( «wdu by Un» siaotrte carmil wmf b® irmm- 
l*anii il by much mure cciujilnx reaulU Thu®, a ton lb® *u®i*} uf U**» mil »» c«r«f>l® ,4 % 
higher degi*’® of ostilnttun, bucIi a higher tc«y to funMMf at tlse |*»J» i y 

the Oxygon which in evolved there This take* j»W*. for testaaew, m tb» 

©f aalt« of wlvur amt inanganwHi t»y U»< galvanic atrnml, *4 ihmm 

Whig funned. Thun in the el«tn»lysia of a wluuen wf EC % ECE>» t* *Mf r rt , »m4 «<f 
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contain no oxygon) may bo expre##cd by representing the e&H m 
composed of ft mete! M and a halted X— that is, by ox proving the salt 
by MX. In common table salt the metal i* sodium, ami the haloid an 
elementary laxly, chlorine. In sodium sulphate, Na^sn 4l aodium is 
again the metal, but the complex group, flO w is the haloid. ! a sulphate 
of copper, 0nS0 4 , the metal it copper and the haloid the tame m in 
the preceding «dh Sneh a representation of salt* express'** with great 
simplicity the capacity of emry mtli to mt*r into mtim thmhl # tkemnpa* 
iitiom toith athttr mlU; coruuxting in the mutual replacement of the 
metals in the wilts. Tills exchange of their metals ia the funda- 
mental property of salts. In the case of two salt# with different motels 
and haloids, which are in solution or fusion, or in any other manner 
brought into contact, the metal* of these stUta will always partially 
or wholly exchange pkwm If we designate one mil by MX, and the 
other by NY, then we either partially or wholly obtain from them new 
salts, MY and NX. Thu* we saw in the Introduction, that on mixing 
solution* of table salt, Nad, and silver nitrate, AgN0 4 , a whit* 
inwkhl® precipitate of diver chloride, AgCl, k formed end a new stall, 
sodium nitrate, NaNO#, is obtained in solution. If the metal# of salts 
exchange place* ha reaction* of double dwtnnpodtlort, it i# clear that 
metal* themed vea, taken ia a itpamte state, are able to act on satbn, a* 
dnC' evolves hydrogen from, acid#, and as iron reparate* topper from 
copper sulphate. Whan, to what extent, and which metal* displace 
each other, and how the metals are distributed between the haloid*, 
wjlll bo discussed in Chapter X., where w« shall be guided by that* 
reflection* and deduction* which IterthoUet introduced late the science 
at the beginning of thin century. 

According to the above observations, an acid is nothing r««m than 
a salt of hydrogen. Water iteolf may be looked on a* a salt in which 
the hydrogen l* combined with either oxygen or the aqueous radicle, 
OH } water will then be HOH, and alkali* or bade hydrate, MO II# 
The group OH, wtheegtMxmt mdiek, otherwise called hytlrtuyl, may 
fee looked on m a haloid. Uk« Um ohiorta# in tetdu salt, not only 
the elomtmt 01 and tho group OH very often change places, and corn* 
bind with oft© a»d the name element, but also fmmuim fm> chlorine is 
very similar 1ft many properties and reaction* to perns id* of hydrogen, 
which Is the some ia oomp a ett fon as the aqueous radicle, a* we shall 
Afterwards so© in Chapter IV Alkali* awl haute hydrate* am elan 

«dN»ri« wW (oomspowitag to 80#) pemlptatfe wM, to It#l #11 

m phenammtv as y*4 town tmf to mgtmmi % lit# store tor-tea ttw mmm% 
dceompcm Mils into nstsls, whteh appear a Ito nepftw i piss, a»4 teb* ten twNttkriag 

eotupaneut psrin, white appear a tto positive pal*. 
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Balts consisting of ft motel and hydroxyl— for instance, caustic soda, 
NaOII ; this is therefore termed sodium hydroxide . According to this 
view, acid salts are those in which a portion only of the hydrogen is 
replaced by a motel, and a portion of the hydrogen of tho acid remains. 
Thus sulphuric acid (H a S0 4 ) not only gives tho normal salt Na a B0 4 , 
with sodium, but also an acid salt, NaIIS0 4 . A basic salt is one in 
which tho motel is combined not only with tho haloids of aculw, tmt 
also with tho aqueous radicle of basic hydrates— for example, bismuth 
gives not only a normal salt of nitrio acid, Bi(N0 3 ) 3 , but also basic: 
salts liko Bi(OH) a (NO a ). 

As. basic and acid salts of the oxygon acids contain hydrogen and 
oxygen, they are able to part with these as water and to give an hydro • 
salts, which it is evident will be compounds of normal salts with 
anhydrides of the adds or with bases. Thus tho above-mentioned acid 
sodium sulphate corresponds with the anhydro-salt, Na a 8 s 0 7 , equal to 
2JS r aHS0 4 , loss H 9 Q. Tho loss of water is here, and frequently in 
other oasos, brought about by heat alone, and therefore inch salte are 
frequently tormod jyyro-salta—tor instance, tho preceding is sodium 
pyrosulphato (Na s 8 s 0 7 ), or it may bo regarded os tho normal salt 
Ntt 3 S0 4 + sulphuric anhydride, fi0 8 . Double salte are these which 
contain either two motels, KA1(S0 4 ) s , or two haloids.* 7 

87 Tho abovo-emmoiated gwiendlitation of the conception of wvHb m compound# of 
the niatals (almiilo, or compound like ammonium, Nil,), with the haloids (temple, like 
chlorine, or compound, like cyanogen, ON, or the radicle of sulphuric oral, HU,), eapabte 
of entering iuto double wvUno decompoaltloo, which U in tu?«ord aneo with the general 
data r#sp@otlug aalta, wm only formed little by little after a auecasaioM of most varied 
projkoiitionn ae to tho chemical «truetuw» of wlte. 

Bolts belong to the olos® of «rab«ta»o#B which have been known since very early t Itom, 
and have long been Ummtigatod in many directions. At font, however, m dlttMmtim 
was made between salts, acids, and bases. Glauber prapwred many artefieW write during 
the latter half of tho seventeenth century. Up to teat tome the* majority of Baits wens 
obtained from natural Bourses, end that salt white we have referred to several Umw— 
namely, sodium sulphate— was named Glauber's salt after this diomitri.. Itouelte die. 
tlnguishtwl normal, acid, and liswsia salts, anil showed their action on vagtOaVde Aym, still 
lio confounded many waits with odds (oven now every arid salt ought to b*» rrganted an 
an acid, Imcuumi it contains hydrogen, which may l»o replaced by tie. tah>— that is, it is 
tho hydrogen of an tvnld). Hamuli disputed Itmicllo's opinion ruwenntig the nuMiviuein 
of salts, contending that normal sal lx only are true unite, and that basic sails aw aim pl« 
mixtures of normal unite witli bases and acid salts with acids, considering Ural woteiiijf 
alone could remove the base or add from tlmm, Itomdte, in the middle «.f the test em< 
tury, however, rendered a great service in Um study of salta and Urn diffusion «*f know, 
lodge respecting thin class of compounds in his attraeiivo lecture*. He. him the majority 
of the chemists of that period, did not employ Urn balance in hi# research®#, but ooliattad 
himself with purely qualitative data. The first quantitative rewarrhe* on »*H» wens 
oarried on about tins time by WunntJ, who wan the director of the Freiburg mines, m 
Saxony. Wemsel studied tlm double d«a-omj«Mul4on of 6*1 La, and olwervcd that in tho 
double dMotapcMiUun of neutral unite a neutral salt was always ubUutmd 1I«* proved, 
fey a method of weighing, that this in due to Urn tmh that the wOunOtou of a giwm 
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Inasmuch as oxygen compound piwtowinet* in nature, it nhouM be 
expt'cttxl from what has tawm wtiti above, U»»t salts, rather than acid* 

quantity of a Hmw require* meh ndatlv* qmiMitilk* *4 dtlfoiwnt wi.l, tu am e&p&bte of 
saturating ovary other bwm. Havi.»|j taken !«■< neutral U>t *s*mj*l», *uh 

plmte u<l calcium nilrwte«-b»t ** mix tbmr *otImIi«h» together. S o,,»}4» deetimresilkm 
Ink* u place, female* eateitira enlphal* is formed, whnfe i« *im»«t mwdofek. However 
rouuh wn might ndd *4 each of (feu salt*, Uw timslum will *td| fee prwwmid, 

oottwqtmtiUy the ueutral character of toe salt® t» M desls.-yed l.jr (ho inlet* hang# of 
mutate ( that i« to my, tlml quantity «4 mtplmm n*»4 whnh Minuted th« w*ttunt I* 
aufflctent fur the Maturation «»f the calcium,, and that amount *4 mine amt which tola- 
rated lit*' r atrium is ontiUjjIt mltiaU the rmttemnd in Komfeumtiutt wttfe 

t»ul|»h«>tf arid m *»dittui »ul(*h«te \Veus«t mm »**n convinced that matter (few* mot 
diHupk’ar iu nature, and mu thi» pttmeitd* he nw<U, Ut h»* •>/ Affinity, t}» 

reunite of hia « x (Hartman U whan It® h ot ini Ural h» wfetatnmf tv** than ho had orfefC 
nelly taken. Although W an ant deduced the law vi the tfemblv «l*ra«mj»,>wtet*i of salt* 
quite curreoUy, he did not ihiannine tins*,* quantity* in w fetch acid* and !>**»# gw;t no 
wb other. This w*» carried mil at ttw mi 4 <d the l**t twtlMy fe» tleldar. lie deter, 
mined the quMtilttea by weight of Uw bane* which mlttfel* aesd* m»I «>f to* acid* whteh 
saturate base#, nod uhulurvt comparatively wme t iliWib hi* eamivrtoM 

were not correct, for he state* that the quantity of a ha®# natunttihg a given acid vaytai 
in arithmetic*! pragn***k»n, and the quantity of an aekt mlaratbqt • given taw*# in p®. 
metrical pregreMfon, tUebter nt&dted thw dependt ten *4 nt»t*S« from their mite t*y other 
metals, and obaervad that the awhil twuOMm vt lb* *«4 «»Um*» «* n.*t »to«tr>.y*4 fey tide 
exchange. He aim determtiwd the quantum* by weight *4 the metal* fepWteg am 
another l» mils, H« showed that *®p$ww dtepU*** **lw (mm it* wilt, and that 
4l«ldaa«« wqiftr and a whote mrta» «f otbnr mete A» Th««e qmm litre* ,4 metela »bte^ 
were catifthle of F*td*slBg Nt a n o tbnr went termed oqni valent* 

lUohter'a tewhlng found no Wlowwm, b&mm, although h» fully heheted to the «h»- 
diovariM of Lavoiater, yat he alili M4 lo the ftbhifteUa rwnemiog# whteh tendered hi* 
osiKMiWons very tdtmsvtre, The work* of the fhrediah **v*nt ttentehu* freml the h»te 
dlwovewd hy Weta*#l ami Auditor from the obwmrtly at f,«tm*r mwereidi.-n*. and te l to 
their Whig e*tduio#d hi amofdaimn with Lavohder* te*t, and in the eet»*» .of the tew 
of multi file pnqvirtioo* whteh hud already brntn fawmmtrd by On atqdyteg to 

liivH'i those mawlttaiime wlurh ttenmlin* Mtiv«4 at hy a whole »»«*» *4 o>M»rdm »( 
wmwkaUla accuracy, we ww» at the f«4htwi«g Uw »j equivaUtite ■ ew ywi % m*§ki 4 
o/ hydmgpH >n an add is rvjdmtd % the arvefenf wiylf «»/ ««f 

metal ; ami, tlmr#f»r«, when oietal* nqdaM «weh otbar their weight* as# to llm mmm 
wdto a® their aquivahml*. Thu*, for lnwterwe,ctm» |«ri hy weight «f hydrugen iareyhwdl 
fey Ud purta of tedium* 19 pert* of p»t*»l«»a, If parte of mefewatem, part* t4 «d* 
«fum, 19 prte of (rote m ptfte of ettm, «i part* «rf mm, *«■ i and, th*ref«n>, if iw 
*«pUte#« allw, Urns II prts of ssiw »iU tefw the idem *4 m |»rt« «4 »ilv«, ot W m rte 
of dim will ha •ufeaMlaidl fey It purl* «f andlnm, & p . 

ThafteeWteetd ff^nfaMite would fe» fimetee &#4 sdtiple did every nw*«l wnly gtv« 
turn, rntldi c* M* Whlih It b tendered camptteated fhrai the tm\. that many metal* f 'mm 
aovatul ouidua, and aeMMM)ti«utty offer different equlvulrntte U» thatr dtftefent dmgfme mi 
oxktetkm. For totaraplv, there are «*kte* embdehig inm to wterh it* eqntvaleet te 
Se-Wa 1* fa the Mile formwl fey the eulwtete} mi Umn t* mmther win of *alte 
te which Om tHfuivadsmt of tea equate I^-»bhh rmtatn hm inm t mi mwemimMf 
more oxygen, end rnnrnpead with » higher degree ml ottdatnm term mtbU It k mm 
that tho former nalte are meSy temmd fey the dteert wimi ,4 wetaltie mm «n arid*, end 
toe tetter only by u further oxida-tbn gf (he mmpenad tmmmt at nrndy j feet ihle m not 
tttwap eo. Xn the cm* of copper, mmm?, and to, getter difcswt cirnmnetammit mite 
are termed whlto oemtpoad with diffmrat degree* of mUeUm «f ih«#B ««fe Ja, mi 
msss metel# have two eqnivalutiU ui tfeetr dtSereet imltw-Umt u, to mite r«m^»mdi*s| 
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'or bases, would occur most frequently in nature, for these latter would 
always tend to combine forming salts, especially through the medium 

with th© different dogreoB of oxidation. Thus it 1 b impoBnible to endow ©vary metal with 
ono doflnite equivalent weight. Hone© the conception of equivalents, while playing 
an important part from on historical point of view, appears, with a fuller study of 
chemistry, to b© but subordinate to a higher conception, with which wo shall afterwards 
beoom© acquainted. 

Tho fat© of t|)o theoretical views of chemistry woo fur a long time bound up with 
tho history of salts. The clearest representation of this subject dates back to Lavoisier, 
and was isyBtcm&tioally developed by Bersriiu#. This repreiwintation is called the binary 
theory. All compounds, and especially salts, arc represented as consisting of two parts. 
Salts aro represented as compounds of a basic oxide (a base) and an acid (that hi, m 
anhydride of an acid, then termed an add),, whilst hydrates are wpmented as com* 

S ound# of anhydrous oxide# with water. Such an expression was employed not only to 
©note themost usual method of formation of these substances (whew it would he quite 
true), but oho to express that internal distribution of the elements by which it was 
proposed to explain all the properties of these substances. Capper sulphate was sup. 
posed to contain two most intimate oompement parts— copper oxide and sulphuric anhy- 
dride. This is an hypothesis. It arose from the so-called ekotro-ckemkul hypalfod$, 
which supposed the two ooniponont parts to be held in mutual union, because one earn- 
ponont (the anhydride of tho arid) has electro-negative properties, and the other (the 
base in galU) oloatro-poaltivQ. Tho two parts aro attracted together, like substances 
having opposite electrical ohargos. But as tho decomposition of Salts in a state of fusion 
by an olootrlo current always give# a metal, that representation of the cimsUtution 
and decomposition of salts called the hydrogen theory of adds ie nearer the truth than 
that which considers salts as made up of a base and an anhydride of an arid. But tho 
hydrogen theory of aoids Is also a binary .hypothesis, and doe# not contradict Urn 
olootro-ohomioal hypothesis, but is rather a modification of it, The binary theory dates 
from Rouollo and Lavoisier, the electrochemical aspect was aeahmsly developed by 
Berxrilus, auU tho hydrogen theory of aoids is due to Davy and Liebig. 

Those hypothetloivl views simplified and generalised the study of a oorn’plieated 
subject, and served to support further arguments, but when salts were in question it 
was equally convenient to follow one or the other of these hypotheses. But the** 
theories were brought to bear on all other substances, on all compound subitem 
Those holding the binary and eieetro-uhemietd hypotheses searched for two u»U.pota* 
component parts, and endeavoured to express the pvoeess of ehemieal reacbieas by riveter* 
chemical and similar differences. If sine replace# hydrogen, they e«ri«ded that it ts 
more electro- positive tlmnlvvdxogen, whilst they forgot that hydrogen may, under different 
oiraumataueoH, displace rin3~3or instance, at a red heat. Chlorine and oxygen were «m» 
sidorod an being of opposite polarity to hydrogen because they easily eomblna with It, 
novorthriuss both are capable of replacing hydrogen, and, what in vary character- 
istic, in the replacement of hydrogen by chlorine in carbon compound# not only doe# Um 
chemical character often remain unaltered, but even the external form may remain 
unchanged, aw Laurent ami Duma# demonstrated. Those consideration# undermine tho 
binary, and more imperially the electro-ritemioal theory An explanation of known 
reaction# then began to be sought for not in the difference of the polarity of the different 
Bubetanoes, but in the Joint intlue whim of all the element# on the projKirtie# of the com- 
pound formed. This in the revenue of the preceding hypulhoriti. 

Tldw reversal wo# not, however, limited to the destruction of the tottering foumlateme 
of the preceding theory; it projamed a new doctrine, and laid the foandatiou for the 
modern cour#u of our science. Tin# doctrine may be termed the unitary theory that i*, 
it strictly acknowledges the joint influence* of Urn element# in a compound mtlxtUm-c, 
denies the existence of separate arid eoaatrary component* in them, regard# cupper 
sulphate, (or instance, a# a strictly definite compound of copper, sulphur, awl oxygon ; 


i 
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of tho albpcmuling wator, Anti, m ft matter of fart, nit* am found 
everywhere in nature, They occur in amwwdn and plant* although in hut 
mi sail quantity, booMi** ft* forming the last stage of chemical reaction*, 
fchey are capable of only a t«w chemical transform And organiimi 
Art* bodiw) in which ft retire of uninterrupted, varied, and active 
oh«mim! tramdorauttion* proceed, whilst «di*» which only enter into 
double decomposition* between mah other, am little prone to «uq& 
changoiu But organism* always contain writs. Thu* for Ituta&Mt 
bone* contain calcium phosphate, tho juice of grape* potassium tarirat® 
(cream of tartar}, certain liohctts calcium oxalate, and the shells of 
molluscs calcium cnrlxmato, 4a As regards water and soil, portion* 
of the earth in which the chemical pr o craw arc less active, they are 
full of salt* Thu# the waters of the ocean* and all others (Chap. X.), 
Abound la gait* and In th« soil, in Urn rock* of the tstrih's crust, la the 
upheaved kvaa, and in the falling motisirite# fcbo utils of atltde acid, 
And rapooWly it* double salts, predominate. Saline iubitanew also 
make up the oompositton of three Ihwmteftm which often form mountain 
chains and whole thick awe* of the earth** strata, t hewn eo relating of 
calcium carbonate, CaGO* 

Thus wo have m oxygen \n a free state ami in various compounds 

of different degree* of stability, from the unstable salt* like liertiud* 

lid’s Balt and nitre, to the most stable tthtam compound*, such as exist 

in granite. Ws saw an entirely similar gradation *4 stability l» the 
compounds of water and of hydrogen In all its anpeet* oxygon, m m 
element, or single substance, remains the name however varied it* 
chemical states, just as e substance may appear in many different 
physical states of aggregation. But our notion of the immenre variety 
of the chemical states in which oxygon can occur would not be com* 


then sssh# for compound* whteb m aaskftm* to tovtr pwfgrtfa*. mH t phwtef tones M* 
by side, mdsavoora to express ths teflaraea til sato dkmtrel to *ttormtoO^ to# tmJM 
prepiait®# of Us erakpeaad. t» the msjtwity ef mum* it entire e& eareteshwM dmiUt la 
these whteh m ubtetowi by tt» itorewBiieMa feyjxAhesre, hut to wrtota sfwwWl mm 
the erniolmduni of ft* mibay towary tumie cottw oj^tfem to tows of tin Utmfy tow*y 
wt« Itsscntitortoa Cm## «f toto fctea w» most often m* with to to# rerahtanUm of 
wm&m&et* mtm eempta nature thsa «Bts, emwpMta** sratatatof 
ny&rotpa . Bet It Is net to this «fc»Ma§« tnm so cuMMB to * natural *f*U*n, fmpaa 
twftt ns It (% Usst toe ohtet *t«vira awl rtresgth. of toe unitary <to*trte# l m, 8y * stmfto 
renew of toe net stem ef tkto NgMdttt* toe re*ettoa« ef typM wiwtow, It vrnemMi 
from its first sppearenee to wsttoBAtog s new sad twparmrtUw, It totrwtawl a am 
«mo«ption into iwtontm-uMRisly, the <»w«pto*> ef wdseaba, with whkh w* •» wo* 
toseonusao^owntod The fi#tluf>Uon ef toe lew wel ef Bi«* Meffai «*t mekwaies ha* 
twa wifl#4 by frets to e number of eresn,ruri4 was toe mmet toe^M^Mityrtf etamli** 
of our tanas fitoertfag the blnwry theory ami WHicptlng to# wtto^ to#a*y, wbfei* tmem» 

of tiuritoetetoe pM< * at * < * k 


OXYGEN AND ITS SALINE COMBINATIONS 1ST 

pletely understood if wo did not make ourselves acquainted with it in 
the form in which it ooctirs in osone and peroxide of hydrogen. In these 
it is moat active, its energy seems to have increased. They illustrato 
fresh aspects of chemical oorrelatipne, and the variety of the forma in 
which matter can appear stand out dearly. We will therefore consider 
these two substances somewhat in detail. 
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CHAFTBE TV 

oxosri Am mmmtn pmoxiimh- DA urort law 

Van Mahum, during the tout century, observed that oxygon in a glass 
tub®, when tutytwted to th® action of a anriet of etoetrio spark#, acquired 
a peculiar smell, and th® property of combining with mercury At the 
oidtoary teraiwature. This was afterward* confirmed by a number of 
fresh experiraente, Bmt in the simple revolution of an electrical 
machine, whim eleetrieHy dlflfctos into the air or passes through it, the 
peculiar and characteristic *t»eii of oeoms prueewUng from the wlton 
of the rieotridty on too oxygen of the atmosphere, to tw«$pri#i>d, In 
3840 Prof, Bdhflabeln, of Bask, turned hi# attention to this cdori* 
'torout aubstime®, wad shewed that It i« also- formed, with the 
oxygon evolved at the positive pel®, in the deooatpoeiiton of water 
by the action of a galvanic eurrent j in the oxidation of phosphorus 
in damp air, and atoo in the oxidation of a number of Kuimtanooe, 
although it b dtoitogutohed for it# InstahlUty and capacity for ox id to* 
ing other aub#tan<m The, characteristic «»«11 of thin aabetanee gave 
it it® name, from the Greek dfo ‘I emit an odour.' Hchonbda 
pointed out that otcms it capable of uxidtolng many autottauees 
on which oxygon does not act at this ordinary temperature. It 
will be sufficient to point out for tostanoe that it oxidise# silver, mor* 
oury, charcoal, and Iron with great energy at the ordinary temperature, 
It might be thought that men# wat some now compound aubetanoo, m 
It was at first supposed to be j but cartful oimtrvatloni made in this 
direction have long led to to# conclusion that own** to nothing but 
oxygen altered In its properties, This to most strikingly proved by toe 
complete transformation of oxygon containing «f®ne into ordinaty 
oxygon when it to pawed through a tub# heated to 330". Further, fit 
a low temperature pure oxygen girts o tone whin electric sparks art 
paasotl through ib (Marignao and Xh la Uiv®). Hone# it to proved both 
by synthesis and analysis that otene to that earn# oxygen with which wt 
ara already acquainted, only endowed with pxrtioutor jnwperfeto* and to 
a particular state. However, by whatever method it b® obtained, tho 
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amount of it contained in the oxygen is inconsiderable, generally only a 
few fractions per cent,, rarely 2 per cent., and only under very propiti- 
ous circumstances as much as 20 per cent. The reason of this must be 
looked for first 'in the fact that ozone in its formation from oxygen 
absorbs heat. If any substance be burnt in a calorimeter at the expense 
of ozonised oxygen, then more heat is evolved than when it is 'burnt in 
ordinary oxygen, -and Bertholot showod that this difference is very 
largo — namely, 29,600 heat units correspond with every forty-eight 
parts by weight of ozone. This signifies that tho transformation of 
forty -eight parts of oxygon into ozone is aooompanied by tho absorp- 
tion of this quantity of heat, and that the reverse process evolves this 
quantity of heat. Therefore the passage of oiono into oxygon should 
take place easily and fully (os an. exothermal reaction), liko combustion , 
and this is proved by tho foot that at 250° ozone entirely disappears, 
forming oxygen. Any rise of temperature may thus bring about tho 
breaking up of ozone, and as a rise of temperature takes placo in tho 
action of an electrical discharge, tliero aro in an electric discharge tho 
conditions both for the preparation of ozone and for its destruction* 
TIonoo it is clear that tho transformation of oxygen into ozone as a 
reversible reaction has a limit wlion a state of equilibrium is' arrived at 
between the produots of tho two opposite reactions, that tho phenomena 
of this transformation aocord with tho ‘phenomena of dissociation, and 
that a fall of temporature should did the formation of a largo quantity 
of ozone. 1 Further, it is evident, from what has boen said, that tho 
best way of preparing ozone is not by eleotrio sparks,® which raise tho 
tomporaturo, but by tho employment of a continual discharge or flow 
of electricity-— that is, by the aotion of a silent discharged For this 

1 This conclusion, deduced by mo as far back as 1878 (ftfoniUur Soumiiflque) by 
conceiving the molecules of ozone (see later) as more complex than those of oxygon, and 
'ozono as containing a greater quantity of hcatf than oxygon, has boen proved experi- 
mentally by tho rosoarohos of Mailfort (1880), who showed that tho pasBago of a nilont 
discharge through a litro of oxygon at 0° may form up to 14 milligrams of ozone, and at 
— 110° up to (50 milligrams ; but lmnt -of all in tho determinations of Clmppuiti and Haute- 
fouillo (1HH0), who found that at a tomporaturo of —25° a silout discharge converted 20 
p.o. of oxygon inter ozono, whiltit at 20" it was impossible to obtain more than 12 p.o., and 
at 100° Iohu than 2 p.o. of ozone was obtained. 

8 A series of olootrio eparks may bo obtained by an ordinary electrical machine, 
tho olootruphoroun machines oi Holtz and Toploft, Ac., Loydon jars, Ruhmkorff coilr 
«lmilar moans, whon tho- opposite electricities aro able to uceumuluto at tho ' 
of.conduotors, and a discharge of sufficient electrical intensity passes tlirou ’ 
conductors air or oxygon. 

3 A nilont disohargo is such a combination of opposite Htatical (potential) eloctffOlHoe 
as tokos place (generally between largo surfaces) rcgdlarly, without sparks, slowly, and 
quietly (as in the dispersion oi .elocLricity). The discharge is only luminous in tho dark ; 
there is no observable rise of temperature, and therefore a larger amount of ozone Is 
form od. But, iwtvorUwlaea, m continuing the passage of a sfleni discharge through 

*10 
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reason all ozonimrs (which ire of mo»t wm\ eoMtnwUon), or farms of 
apparatus for the preparation of oaone from tuyg m' (or air) by the 
notion of olootrlolty, now usually cuntUt of nhmim of meUl~for to. 
fitanco, tinfoil — or a solution of sulphuric ucU mU*l with ehramic acid, 
&c. separated by thin glass surfaces placed at abort dUunoea from each 
other, and between tfhioh tit© oxygen or dr tobowonUc*! to inireduotd 
and-Bubjooted to the action of n-tilwjt discharge.* Thus in BtautniT 
apparatus (fig. 87) the exterior of tiro tub# a wd ibo interior of the 



rw..8T.*-®lefflen# appuntaa ter pm»nm *#•*» f*y »**•* * tout 


•tuba b o are coated with tinfoil and oemneetod with the of a wnim 
of electricity (with the terminal* of a Kuhr«k»ri** oedtjk A silent dis- 
charge passes through the thin well* of th« ghw* cylinder* m mid & e 


ozoAO it is destroyed. For the Motion to be ©hwmMs a l«f» mtt»m i* wad 

coAsOquontly a aouroo of elect tleity mI * b%ti pofaftltel W#t tW» r nva to 4fa 

charge is boat produced by tv Ruhmkorff noil, m to tao«t «4 nbfetafai 

a considerable potential of tstakte&l elebtetetly with lit# *4 to 

fooble currant of a gal van to battery- 

* V. Babo’t apparatus m» tw t»f to tot «mm*iih 4*4 fef «nhiI<i| *»a nt*n % hwv»a 
of a ailanb discharge (and it is aWll on* %t to to i* 4 * (touly 

and more) of long, thin Mpilkuy gltoa taWa etatod *& mw w» 4 4 tit*, ex- 

tending along their whole leaf th, I# tetodtfcsed Into to wtof w4 *4 mmk Isto, &»4 tola 
«nd ia than tuead up round to wire, to *t*4 *4 wteteh pr«t«to* tmUdfo to tab*, 
The protruding ends of to wires are ammg«4 MtefttaJtelfi? §» l»« «4-4«t i« #wel» * 
thftt on one aids tore are ten do»d end* and to wi r»,. ’ 4 tarn* ,4 mm* into ifarty 
should ntftlto a bunch of not wore than 1 *■ ot, ttiwwtej 4* f»t*ms4 to * gteaa late «»4 
the enda of to wlm (vro oonneoted with tern mwklnstett, m 4 «##to*4ta to **4* *4 to 
surrounding tuba. The dlaabarp of * EuhmWf mil U pnm» Ummh to*- <*4. of 
the wires, and the dry , Mr or osym-n to be fa peaml tow## to Uto if 

oxygon bo passed through, esoue la obtetaed m far*# (jautUfa, «i4 A*s» I nm «*W«s of 
•nitrogen, which era partially formed when Mr fa &-W '**«, At tew famantaw » 
fovrnod in largo quantltloa. Aa o*«w Mote Oft w4 fa4fa.«Mfar. to 
should he mode entirely of glass. With n pawwfei K#»M« mM m4 tmtf tftto to 

alum Bl 80 u '° ^ wh «« *4 Mto «f r*»«* 

mum not only seta the iodine free, but «?«$* ottfaiw a t , 4 i^n . 4 **-*, *« 

five miuutaa to goa-oonduotlng iSS ' 



OZONE AND HYDROGEN PEROXIDE— DALTON'S LAW 201 


'over all their surfaces, and consequently, if oxygon be passed through 
the apparatus by the tube, d, fused into the side of a, it will be ozonised 
in the annular space between a and. b d. The ozonised oxygen escapes 
by the tube .<?, and may bo introduced into any other apparatus.®* 

0ie properties of ozone obtained by stick a method 6 distinguish it 
in many respects from oxygen. Ozone very rapidly .deoolorisos indigo, 
litmus, and many other dyes by oxidising them* Silver is oxidised by 
it at the ordinary temperature, whilst oxygon js not able to oxidise 
silver even at high temperatures ; a bright silver plato rapidly turns 
black (from oxidation) - in ozonised oxygon. It is rapidly absorbed by 
mercury, forming oxide ; it transforms tho lower oxides into -higher — 
for instanco, sulphurous anhydride into sulphurio, nitrous oxide into 
nitric, e-rsenious anhydride (Aa 9 0 8 ) into arsenio anhydride (As 9 0 5 ) &o. 7 
But what is especially characteristic in ozono is the decomposing action 

4 In order to oonnoot tho ozoniter with. May other apparatus it in hnpoaaiblo to male© 
two ol india-rubber, monoury, or ©omenta, &o„ booauao they are themselves acted on by, 
and acti on, ezano. Airoonn'ootiona mutt, aa woe flrat proposed by Brodie, be hermetically 
oiosod by sulphurio acid, whioli is nob aotod on .by Oisoqo, Thus, a cork is passed over 
tho vortioal end of a-tubo, over which a wide tube passes bo that tho end of tho first tab© 
protrudes above tho cork; mercury is first poured over tho oorb (to prevent its being 
©oLad on by tho sulphurio acid), and then sulphurio acid iu poured over tho mercury. 
The protruding end of the first tube is covered by tho lower end of a third tube imruoptoa 
"in tho sulphurio-aold, 

® Tlio method above described is tho only one which lias boon well Investigated. The-' 
admixture of nitrogen, or even of hydrogen, aria especially of silicon fluoride, appears to» 
*id the formation and preservation of ozone. Amongst other methods for preparing 
ozone wo may mention the following 1, In the action of oxygen on phosphorus at the 
ordinary temperature a portion of the oxygen is converted fhto osone. At the ordinary 
temperature a stiok of phosphorus, partially immersed in water and partially in air in a 
large glass vessel, causes the air to acquire the odour of otene. It must further h© 
remarked that if the air bo loft for long in contact with the phosphorus, or without the 
presence of water, the osone formed is destroyed by the phosphorus, ft. By the action 
of sulphuric add .on peroxide of barium, if the latter be covered with strong nnlphurfo 
acid (the acid, if diluted with only ono-tenth of water, does not give osone), then at a tote 
temperature the oxygen evolved am tains osone, and in much greater quantities than 
in that ozone is obtained by the action of elect rle sparks or photyjhorae. S. Qsono map 
also be obtained by decomposing, strong eulphurio odd by pofeoealana inangsumte e»* 
pecially with the addition o£ barium peroxide, 

Ozone taltcs up the hydrogen from hydrochloric add; chlorine is liberated, and eart 
dissolve. gold. lodino is directly oxidised by osone, hut not by oxygen. Ammonia, Nil*, 
is oxidised by ozonO into ammonium nitrite’ (and.nitirate), 9NH3 + 03« NILNO a + H S Q, 
and there fore a drop of ammonia, on falling into tho gas, gives a thick .cloud of 
tho salts formed. Ozone converts lead oxide into peroxide, aid suboxide of tlwUiuBi 
(which ia colourless) into oxide {whioli is brown), so that this reaction Is made u» of for 
detecting the preaenoe of osone. Lead sulphide, I'hS (block), is converted into sul- 
phate, I'bflOj (odourless), by ozone, A neutral solution of manganese sulphate gives © 
precipitate of manganese peroxide, ami an acid solution may be oxidised bit© porroau- 
ganio uoid, HMuO^. With respect to the- oxidising notion of osone on organic sub- 
stances, it may bo mentioned that with other, ozone gives ethyl peroxide, which 

is capable of decomposing with explosion (according to Berthe lot)j and is decomposed by 
water into Afoohol, Sp^ILO, and hydrogen peroxide, HjOg. 
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it exerts on potassium iodide. Oxygen does not mi mx it, Hut otfmsi 
passed into a ^solution of potassium iodide liberate* tocftrw, whilst the 
potassium h obtained m rauatic potanli, which mnains in ooluttaa* 
2KI + H 3 0 + 0«2KH0-f I a An the presence of minute tram* of free 
iodine may be discovered by means «»f starch panto, with which it form* 
a very dark blu©*eolcurcd substance, n mixture of potaamium iodide with, 
starch panto will detect the pretence of very small traces of ozone.'* 
Ozone is destroyed or converted into ordinary oxygon nut only by heat,, 
but also by long keeping, especially In the primmed of alkalis, peroxide, 
of manganese, chlorine, &o. 

Henoo osam, although it has the mine eomfumtion mmyiftm, differs 
from it in stability, and by the fart that it oxidises a nutuitor of tub- 
stances very energetically at the ordinary temperature. In this respect 
ozone resembles th« oxygen of certain unstable compounds, or oxygen 
at the moment of its liberation.* w* 

In ordinary oxygon and atone wo are an example of one arid thft 
same substance, in this case an element, appearing in two state*. This 
indicates that the properties of a substance* tun! even of an element, 
may vary without its composition varying. Very many such coast 
are known. Such omm of a chemical transformation which determine 
a difference in the properties of mm and the mum element aw termed 


* Thin mutton to tte cm ttwwatly msda tua <4 ter tetoelitui &te {«*««««» ,4 m&m, 
In the majority fit ewe# p*p#* I# tested to a«4«ttott» el $*4*M)um |n4»te *»4 etorete 
Bute MtmmtiirSml or todtoed atareb y*p«r ate* damp ism* Wat »*» tte et 

ORtwe, nfitl tee tint obtained varies ewuoidefftbly, want ten# t« tte tongsb >4 lum it Is 
txposed anil to the amount ?4 mow, prestai. Tte »in«»snl «f i,* « ,},*•*« gm tmy 
mm to a ow-tato depeo be ju%«cl by the abate* *4 emtesf iw»|»ir»4 by tte jwjt##, 4 j»iw 
Hmlnory test# be nunto, 

Tefit jmjw for fiionn to prepared to the following moaowr*- »»„«> straw «4 ttaettol 
p«taet»luro lotlWe is tlUsmlml to ICO grams <4 dtotittet wains* ; to gram* *4 elaiwb tm 
then shaken op to the solution, and tte mtotuw, Is t MM **«Ul tte eUrrte i« wMivwrtod 
Into % jelly. Thi# Jelly l« then smeared over btoHtoj pop**? «*4 toft te dry. It ntttaf 
ftlweyn be rememtered, however, that the colour of tettoed iWalt $«}*» la *>tenx*4 owl 
only by tte notion of ammo, but of mmf otter Mddtowrwi to by ite t>*i«te* of 

nitrogen (e&pttoUy M*0|) nei hydrogen pwrnbte Umommu eoafctng ewntoon 

lU®.a»»pftpt with a « fttefew of potewtow total* whfete S« ite {#«»*««•» of ».«}»»>« would 
tem blue, owing to tee tmtmtim *4 KUO. t*» twdwr to tertsmtew if ten bls» eutour !• 
not FTO&nsftd by n» alkali (ammonia) to Ite **«, » partton *4 tte imp* U m>t to 

tee potesdam Wide, but nu*totem<4 with water j tel* pofttosi will lte« 4w Um bto» M 
erumonto be pr*m»<nt. A rtftfs&fc tor dto ti a outte tof mam fr«» by4r».«»*» |«n<iSisto will* 
eertointy to net known, wid tteretoo* Ibwai nImImmh to v«ry m«uO) *w«Ptto# (tor to* 
etwiee, to tee atmcRpW) may mmly be eoakmnded. ttotil i««i **®r* ten mhuim 
bw frequently teen madtef MWteteg tte eltoretem of totes**) tUn-h r»t^r to tte air 
to Uve pr«»eae« <4 e«me| At tte pment tu«« test* to twmn tn teteve ttet it to »®*t 
U> P” 18 **** of a (towns «ted: Ctteiva, ts^lj. 

_Hu«rto« (Obey. XI), Mftoy Ufa* wetor »t .tte e?4l»«y t»k« up 

tee bytlropu, and evalvee tte «*yg« tottetemu4 (Mfttewa, teteg s»>4 i 
the reaction must te exymesd tha# s—WsO utf * 
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coses of isomerism. The cause of isomerism evidently lies deep within 
the essential conditions of a substance, and its investigation has already 
led to a number of results of unexpected importance and of immense 
scientific significance. It is easy to understand the difference between 
substances containing different elements or the same elements in 
different proportions. That a difference should exist in these cases 
necessarily follows, if, as our knowledge compels us, we admit that 
there is a radical difference in the simple bodies or elements. But 
when tho composition — i.e. the quality and quantity — of the elements 
in two substances is the same and yet their properties are different, 
then it becomes clear that the conceptions of diverse elements and of tho 
varying composition of compounds, alone, are insufficient for the expres- 
sion of all the diversity of properties of matter in nature. Something 
else, still more profound and internal than the composition of sub- 
stances, must, judging from isomerism, determine the properties and 
transformation of substances. 

On what are the isomerism of ozone and oxygen, and the peculiari- 
ties of ozone, dependent ? In what, besides the extra store of energy, 
which is one of tho peculiarities of ozone, resides tho cause of its 
difference from oxygen ? These questions for long occupied the minds 
of investigators, and wore the motive for tho most varied, exact, and 
accurato researches, which wore chiefly directed to the study of tho 
volumotric relations exhibited by ozono. In order to acquaint tho 
reader with tho previous researches of this kind, I cite tho following 
from a momoir by Soret, in tho * Transactions of tho French Academy of 
Sciences ' for I860 

Our presont knowledge of the volumetric relations of ozone may be 
expressed in the following manner 

1. “Ordinary oxygen in ohanging into ozone under the action of 
eleotrioity shows a diminution in volume.” This was discovered by 
Androws and Tait. 

1 2. “ In acting on ozonieod oxygen with potassium iodide and other 
substanoos capable of being oxidised, wo destroy the ozono, but the 
volumo of tho gas romains unchanged.” For tho researches of Andrews, 
Soret, v. Babo, and others showed that tho proportion of ozonised 
oxygon absorbed by tho potassium iodide is equal to the original con- 
traction of volume of the oxygen — that is, in tho absorption of tho ozono 
tho volumo of the gas remains unchanged. From this it might bo 
imagined that ozone, so to say, does not occupy any space — is dndefl* 
nitoly dense. 

* 3. “ By tho Action oil heat ozonised oxygen increases in volume 
end is transformed into ordinary oxygen.. This increase in volumo 



gsvft-s ail that portion m its nuiwiuico to w uxm w uuo tw extra density 
dUtinguieblng it from ordinary oxygen. 

If w« imagine (my» WeiUitm) that n volumes of a* me consist of n 
volumes of oxygen combined with m voluinr* of the wnw .uhstanro, ami 
that ozomi In oxidising give* up m volume* t»f oxygon ami leaves n 
volumcw of ordinary oxygen gas, then ah the above facta can las ox* 
plained j otherwise it must la* supposed that osona in infinitely dhnte, 
•In order to determine the density of <*amw* 1 (wo again cite Herat) ' «. 
oaura® cannot bo had to the diroot determination of the weight of a given 
volume of the gas, because mam cannot be obtained in a pure elate. It it 
always! mixed with a very large quantity of oxygen, It wa* necessary, 
therefore, to have recourse to «ueh substances as would alworb own® 
without absorbing oxygen and without destroying the o*one, Then the 
density might bo deduced from the dberoantt of volume produced in tits 
gas by the action of this solvent in comparison with the tjuantity of 
- 0 *ygan given up to potassium iodide. Advantage must also be taken 
of the diminution of tha inerta* of volume produced by the action 
of heat on own®, if the volume Occupied by the o*on« before heating 
bo known/ Beret found two such autmUnocs, turpentine and nil of 
oimuunon, 1 Osotte disappears in the ptmatu# at turpentine, This in 
accompanied by the appearance of a dense vapour, which fills a vestal 
of small capacity (0*14 litre) te such an extent that it 1® impenetrable 
to direct solar- my a On leaving the vessel at rest, it is observed that 
tho cloud of vapour settle* ; the clearing is first remarked at the upper 
portion of tho vessel, and the brilliant colours of the rainbow are mien on 
tho edge of a cloud of vapour,' Oil of rinuamow that t», the volatile or 
essential oil of thi well-known apbe, dtuiatnon ■»» give* under similar 
dreumatanct# the tame kind of vapours, but they are much Iom v©1u» 
mi nous. On measuring the gaseous volume Wore and after the action 
of both volatile oda, a considerable decrease Is remarked. On applying 
all A® neoeatiary corrections (for the aoluhUity of oxygen in the oily 
liquid® named above, for the tension of their vapour, for tho change of 
pressure, <feo.) and making a series of eomparaUve determinations! Sornt 
obtained the following mult i two volumes of mnm capable of being dis- 
solved, when changed to ordinary (by hating a wire te n rod brat by a 
galvanic current) increase by one volume, Hence it is evident that hr 
th® formation, ol oiene three r&vmm of oxypn give two volumes of 
drene—that is, itadcaslty (referred to hydrogen) sa 34, 
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Th$ observations and. determinations of Sotet showed that ozone 
is heavier than oxygen, and even than oarbonio anhydride (because 
ozonised oxygen passes through fine orifices more slowly than oxygen 
and than its mixtures with carbonio anhydride), although lighter than 
chlorine (it flow's more rapidly through .such orifices than chlorine), and 
they indicated that ozone is one smd a half times denser than oxygen , 
which may be expressed by designating a molecule of oxygen by 0 3 
and of ozone by Q a , and hence ozone 00 2 is comparable with compound 
substances 9 formed by oxygen, as for instance C0 3 , S0 3 , dST 0 2 , &o. 
This explains tho chief differences between ozone and oxygen and the 
causo of the isomerism, and at the same time leads one to expect 10 
that ozone, being a gas which is denser than oxygen, would be liquefied 
much more easily. This was actually shown to be the case in 1880, by 
Ohappuis and Hautefeuillo in their researches on the physical properties 
if ozone. 'Its .boiling point under a pressure of 7 60 mm. is about — 106*, 
•and consequently compressed and refrigerated ozone when rapidly ex- 
panded forms drops, i.o. is liquefied. Liquid and compressed u ozone is 

0 Ozono is, so to say, an oxide of oxygen, jUBb as water is an oxido of hydrogen. Juab 
as aqueous vapour is composed of two volumos of hydrogen and ono volumo of oxygon, 
which on combining oondonso into two volumos of aqOoous vapour, so also two volumos 
of oxygon aro oombinod in ozorfo witl) ono volumo of oxygen to glvo two volumes of 
Ozone, In tho action of ozone on different Bubstancos it is only that additional portion 
of its molooulo by whioli it differs from ordinary oxygon that combiuoB with othov bodies, 
and that is why, under tlioso oiroumBtanoos, tho volumo of tho ozonised oxygon doos not 
change. Starting with two volumes dl ozono, one-third of its weight is parted with, 
and two volumos of oxygon ronlain; 

The abovo observations of Sorot on tho oapaoity of turpehtino for dissolving ozono, 
togothor with SchtJnbqln's rosoarohos on tho formation of ozone in tho oxidation of tur- 
pentine and of similar volatile vogotablo oils (entering into the composition of perfumes).- 
also explain tho aotion of this ethereal oil on a groat many substances. It is known that 
turpontino oil, whon mixed with many substanoes, promotes their oxidation. .In tbit 
oaso it probably not only itself promotes tho formation of ozone, biit also dissolves ozone 
from' the atmosphere, and thus acquires the property of oxidising many substanoos. It 
bleaohos linen and oorlc, decolorises ihdigo, promotos the oxidation abd. hardening of 
boiled linseed qil, ko. Those properties of turpontine oil aro jnado use of in,praotice. 
Dirty linen and many stained materials aro candy cloanod by turpentine, not only beoauso 
It disHolvos tho groaso, but also beoauso it oxidises it. Tho aamixtjiro-of turpontino with 
drying (boiled) oil, oil-colours, and laos aids their rapid drying beoauso it attracts ozono. 
Various oils occurring in plants, and entering into tho composition of perfumes and 
oortain scent oxtraots, alto act as oxidisors, Thoy aot in tho same manner as oil of tuv- 
pontine and oil of cinnamon. This perhaps explains tho refreshing influonco thoy havo 
In scents and other Blmllar preparations, and also tho salubrity of tho air of pjno forosta. 
Water upon which a layer of turpontino oil has boon pourod aoqiiiros, whon loft standing 
in tho light, tho disinfecting and oxidising proportios in gonoral of ozonised turpentlne : 
(hi this duo to tlio formation ol HaQa ?). 

'0 Tha donsoet, most oomplaje, and hoaviost partioloe of matter should, under equal 
conditions, ovidontly bo leas oapablo Of passing into a stato of gaseous motion, should 
sooner attain a liquid stato, and’havo a groator oohoslvo foroo. 

Tho blue colour propos to ozOno may bo seen through a tube one metre long, filled 
with oxygen, oontafuffeg 10.p.o. ol ozo&e. Tlio density of liquid' ozone has not, so fan 
as I am aware, boqn dotennined. 


heat which distingnUhei it from oxygen. 

Thus, judging by wh»t has Um\ *wid aten-e, wine should !m formed 
in nature not only in the many pr« ***»««►* *4 oxidation whi« h go on, hut 
also by the oondnnafcticm <1 atmospheric oxygen. Tim significant^ of 
oxonn in nature has often arrested the attention of oWrvcrN. There b 
a scrim of uttmometricai olmervation* which show tiro different amounts 
of oxono in the tiir at different localities, at different times of the year, 
and under different eirrmjrotnnce*. Hut the ot« rvation-t made in this 
direction ciumot tm considered as nuffkiently exact, Uvausc the methods 
in y*o for determining ©»ww went n«»t quite accurate, It in however 
imlkputiddo 1,1 that the amount of o*tmo hi the atmosphere is suhjeet to 
variation ; that tba air of dwelling?* contains tiooamte (it di»»ppars in 
oxidising organic matter) ; that the air of held* and forests always con- 
tains otmne, or suhstanem (|»eroxidu of hydrogen) which act like it (cm 
iodteed atareh paper 4ie.) ,a *“ ; that the amount of wrotro itu-mutc* after 
stems ; and that miasms, 4m, ar*» destroyed hy own king the nlmo 
iphere, It m«4ly oxidise* organic •nhsUnces, and miasms are produced 
hy organic iiuktfcfuwft and (die germ* of organisms, all of which ar»* easily 
changed and oxidised. Indued, many miasms - for instance, the volatile 
substance of decomposing organism*— aru clearly destroyed «<r changed 
not only hy oxono, butalaohy many other powerfullyoxidising nuhsUnecs, 
such m chlorine water, potassium permanganate, and Uro liked* All 
that la now known respecting the prwwtw of nmm in the »ir may 1*§ 

w All ©xj4«rttlv*i Uxllft# and mixture* {ttunfaisriW, g%», & c ! «n»lt» tent te 

exploding -—Urnt is, tte rosetem* whu h mms*mpm »7 ssphatei# e«<U >•*<>.*! In lifts 
umtimr osmih In decomposing arotve* Intent teat, idtfcmsgh jpusetadljr te.-ft la etewrted 
In dwxwttjKmilUm, Tin® stew# Urn teeming and mm& ef usphwtec 

la 1 ‘W'Im Ik te» tet*a found that tte furtter turn tte w»i#« »4 If* 1 * !«>»** tte g roster 
tte amount t»( cantt* te tte sir. tte mmi *4 lifts t* svutent i m « riiy lte»» «• m*oy 
eonditten# for tte destruction <4 m*m. T feta k whf w» Atettagtftth «n« m I wing 

fresh. In spring tte air sustslas mors mmt» thm in tmlmrnm ; tte m* «4 held* *»».>.** ihm 
tte «r (4 teems. 

w "*» The quwtkm of tte pmmm «f mm# te tte ter te* *»! y»k l*»u felly elnet 
dated, m ttw.se NWAtfcm* hy whfth ww i* gtroettey 4*te*fc*»l *ro *)» ► !*• eilr* -ns 

wdd (ete ite fttnHwml* wftt). Itenmjr dU» Uuns (tans), t» te »s®S»4« «l»» indupnoe 
ot fmeh hslirs, psMnd sir through a Ml per mt&. m4uti«m ci e*»wt*« •»*!», ami iten 
through n SO pet m»t. »*4nU.« & mttphnrte mh4 (Omm w4t»te.na slat 1 |H*I #».•#* «i *4, 

ftrul tehteft the sir thus posited fe# tte p«r mmm *4 «4t9M> A« **■» •--»■ aio wma tlwU 
detootctl lh« nuthor m ►Deludes that <41 tte wttete whtefe arete Ummlj U .mwm 

•IwaW te referrwl te nitrous mte t t!»t this eoael«t»tet ro< 4 B»<r»» ro-*« »t44 written 
tt&a, Bine*, the rosMMliss of Iteft. Hrhhntein m tte ^mtmm t4 t»ro«i4. „f h,.U..ge» te 
the atmosphere. 

w The oxidistog eettea <4 osnue may te teten *4 hut Intenkl p»r|»»«*l 

to* kwtivnee, for destroyi^; whmrntg mmm. h tea mm te*# Map 4 mj«4 Iy4 
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eummed up in the following words : A small quantity of an oxidising 
substance, resembling ozone in its reactions, has undoubtedly been 
observed and determined in the atmosphere, especially in fresh air, for 
instance after a storm, and it is very likely that this substance contains 
a mixture of such dxidising substances as ozone, ..peroxide of hydrogen, 
and the lower oxides of nitrogen (especially nitrous acid and its ammonia 
Balt) produoed from the elements of the atmosphere by oxidation and 
by the action of oleotrical discharges. 

Thus in ozone wo see (1) the capaoity of elements (and it must be 
all the moro marked in compounds) of changing in properties without 
altering in composition ; this is- termed isomerism ; 18 .(2) the capacity 
of certain elements for condensing themselves into molecules of different 
densities ; this forms a special case of isomerism oalled polymerism ; 
(3) ^he capaoity of oxygen for appearing in a still more active and 
energetic chemical state than that in which it occurs in ordinary 
gaseous oxygen ; and (4) the formation of unstable equilibria, or 
chemical states, which are illustrated both by the ease with which 
ozone acts as an oxidiser and by its capaoity for decomposing with 
explosion. 10 

Hydrogen peroxide . — Many of those properties which wo have seen 
in ozone belong also to a peculiar Substance containing oxygen and 
hydrogen and called hydrogen peroxide or oxygenated water. This 
substanco was discovered in 1818 by Thdnard. When heated it ia 
decomposed into water and oxygen, evolving as much oxygen as is 
contained in the water remaining after the decomposition. That 
portion of oxygon by which hydrogen peroxide differs from water be* 
haves in a number of cases just like the active oxygen in ozone, which 
distinguishes it from ordinary oxygen. In H 3 0 5 , and in 0$, one atom, 
of oxygen acts as a powerful oxidiser, and on separating out it 
leaves H a 0 or 0 4 , which do not act so energetically, although they 
still contain oxygen. 17 Both H a 0 and 0 3 contain the oxygen in a com- 
pressod stato, so to speak, and when freed from pressure by the forces, 
(internal) of the elements in another substance, this oxygen is easily 
evolved, and therefore aots as oxygon doos at the moment of its liberation. 

tiaauoa and for tho rapid preparation of vinogar, although those methods have not yob 
received wide application. 

14 Isomerism in elements is tonnod 'allotropism. 

10 A number of substanoes resemble ozono in one or otlior of theso vospeots. Thu a 
cyanogen, C 3 N a , nitrogen chloride, &o., dooompoao with an explosion and evolution of 
boat. Nitrous anhydride, N 3 0j, forms a blue liquid Uko oaono, and hr a number of oases 
oxidisos lilco ozone. 

lT It ia ovidont that thoro la a want of words here for distinguishing .oxygen, O, as an 
ultimate element, from oxygen, O a , as a free element. The latter should be termed 
oxygon gas, did not custom and tho.length of the expression render it inconvenient. 
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Both aubstwie* In droompoaing, with th«» *o pontoon of n portion of 
their oxygen, rrok** hvat, whibt docomjKwition h usually acmmp&nied 
by an ftbeorjition of heat. 

Hydrogen peroxide k fumed under many circuiuntmiuo* tiy etna- 
bullion ami oxidation, hut in very limited ijuamtitic# ; thun, fur instance, 
it I# ituffitsknfe to nhitke up #uw with sulphuric a*' hi, or nv**n with water, 
to ohterve the formation erf a certain (juantity of hydrognn peroxide in 
the water, 18 From this muse, probably, a mu-lex of diver** oxidation 
’proeewma are ammiplkhed in nature, end according t*> Prof. Bchorm of 
Moscow, hydrogen peroxide occur* in Urn aUmmphoro, although in vnri» 
able and email quantitm*, and probably it* formation k connected with 
ororrn, with which it him mtt. h in common. The tmual mode of the 
formation of hydrogen peroxide, and Urn teethe* I by which it may bo in* 
directly obtained, ^ k by the double* th*srm>i«*tion of an acid and the 

W tobSntoa atetea that to* tewaAto* *4 hytagwa j*»rotrhte h* b» to muM te 
•atery oxhtetkm la water or to to t*»*«»***a «f ftqwwiM trajM>«ur. A#«w4t«a( m Ittmv#, 
hytlrngtm j««Ki4e to aentettwd to mme *«■) to rain w*W* wi*4 ti# temathiM, l«fi*lber 
with twotte and ammonium (titrate, to wm jn*»tebto to to *4 and 

cnmbtnttba. A aofotton of tto to wwwewy, nr tin wmigaw, »tejt tltwkm up to 
water emUlatag eutpharto m* 4, t*”dtt*** jswotbto, whit*' to* muter to 

name etammaUnoM tosa sot gte» rW to it* lunnto tin* pewtutm* «4 «*>*H qmuntiUae 
of hy&agsB gwnxhia to tow* **4 M water warn to fwsugwtot fey many routoi* 
Attwanpt tow, ttawatk* m etewtee aeitf to to %rnm>*mm *4 »tor to »«f ehanwHterteMo, 
HgCyttragun pjwixite to kmaate *e*4 tofe a hhto* »ai4*, < V,* (,, which to *4 * 

A&rlebto wlwtt *w»4 dtostto* to «th*r. Thto #tor*%i ««toU*m to t*» « <**rt*ln (teg** 
ttabta, ««l tomtom to pnmmm «4 hydmfiew $#**•-* M* *s»y t«* by mixitif 

the liquid to be toted with etbwr and adding *«i«l «h»j* «4 a a4«iti*x« *4 *■ Hromto acid. 
On tohl«i to mistnn? to *tor die«4ma to ht#W mto «4 , hr. •«*.««« whteh to 
fanned, and acquiree a hhw e«1oftr. The (onwUtoa <4 hy4f*w«w m ttu, f,*wbi» 

tine aad cntldaUen of Kuhetonoee eettolaing or e*i4*ht# hy*trs»t»« me«t t ® »n>Ur*to«*l in 
the light t*f the ameepthm, to 1«» mndderwd to, to, *4 rntdoe-eto* tweMj.jiwg vnlutao* 

in a giwwttnt eUto. At the moment of it* *m4»to«*t a m»towto with « m<4*> 

flule C>n end given Jl/b, A* thto wilwtnnm to amdntde, » h*rg» go r rti *» of ft U 
demmiMwed, a p»«ll enrmet m\y rpnuUning nnehanged If it *® »t uin»>h «mto (*#**% 
formed from it. { this reaction wvelv## teat, and to* r»ver«** natton to *» *5 rar# |*n>hal>lA, 
Dheet datarmtaatioae »te*w that tte r»-*wrM«« ((/>,• llpt i » D/ion teat mala, 
Ifrom tide It will he mtdtwetoad how vmy te tte d*MCi|i«!h« >4 r®f«*lit« 4 m 

well ea to fafiA that a oumher of hMmom wt*tot» *r» «n4 e.*f4n»4 h y mygm 

«*6 «hlte*d by bydrt*t«*i piKaldn e#s4 by iwm, wbtoh evolve* te»t /*>» 
gom iueb atepee entaUon ef too i%tn«f hydnww $«rB«kto ba* b««n .toveh fwd by 
mariaMtim mm&j (W6) Trnnte te* pmnoanrwl a etmtlar »|4nt >n, elating ttet 
•to ante to wdto «4 wMer and to giw*. te*l4»* Steil/V ato lip I # , 

>» Tte foramBon of hyto*grt pw*«t4» f». •»*. terfum {*?«*», t» by « ,»»ih«:4 t .b nhte 
dkeomporitien la an kakaoa af a nututer *4 tn,hwt «e«fW* »/ yr* f >. ,»«#»,.*. A ante 
•tooe A dw» t»0l eombbw with », tel a a to obtatod te.n* a c i» «u ...» e «» (mm 
I ntreduetoi) when onto fomed. Water tom m*t mmbUw will* yg«*,. ui «, » l.ydtate 
of adda it ant# on th« wnepound *4 «*»ygem with totem .,#1,1*, !«•«»« thS» ..*;•!» give* » 
■Balt with an add .anhydride} «r, what to to mum tong, bytogen wiib ,,.*«<» <h«e n»4 
diwMdly form hyflit«*n iwruishte.bHt wb« eambhmd with » hated (f * 
tm&m to Mf bwiew pnmvito, ftoO fe It tod* te tte tomtete* »4 » ««U »,f totem 
,wid H 8 0 b. It to toteMmarhed that to peecage *4 barton *,»«!*«, Hat), i«b, to pofMldte 
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peroxides of certain metals, especially those of potassium, calcium, and 
barium . 20 We saw when speaking of Oxygen (Chap. III.) that it is only 
necessary to heat the anhydrous oxide of barium to a red heat in a 
current of air or oxygen (or, better still, to heat it with potassium 
chlorate, and then to wash away the potassium chloride formed) to ob- 
tain peroxide of barium . 21 Barium peroxide gives hydrogen peroxide 
by the action of acids in the cold . 22 The process of decomposition is 
very clear in this case ; the hydrogen of the acid replaces the barium 
of the peroxide, a barium salt of the aoid being formed, while the 
hydrogen peroxide formed in the reaction remains in solution . 23 

Ba0 2 , is accompanied by the evolution of 12,100 heat 'units per 10 parts of oxygen by 
weight oombinad, and the passage of H s O into the peroxide- H 2 0 2 does not proceed 
directly, because it would bo accompanied by tho absorption of 22,000 units of heat by 
10 parts by weight of oxygen combined. Barium peroxide, in acting on an acid, evidently 
evolves less heat than the oxide, and it is this difference of heat that is absorbod in tho 
hydrogen peroxide. Its energy is obtained from that evolved in tho formation of tho 
salt of barium. 

30 Peroxides of lead and manganese, and other analogous peroxides (see Chap. IH., 
Noto 0), do not give hydrogon peroxide under these conditions, but yield chlorine with 
hydrochloric acid. 

31 Tho impuro barium poroxido obtained in this manner may bo easily purified. For 
this purpose it is dissolved in a dilute solution of nitrio aoid. A certain quantity of an 
insoluble residue always remains, from which tho solution is separated by filtration. 
Tho solution will contain not only tho compound of tho barium poroxido, but also a 
compound of tho barium oxido itself, a certain quantity of whieh always romainB uncom- 
binod with oxygon. Tho aoid compounds of tho poroxido and oxido of barium are easily 
distinguishable by thoir stability. Tho poroxido gives an unstable compound, and tho 
oxido a stable salt. By adding an aqueous solution of barium oxide to the resultant 
solution, tho whole of tho poroxido contained in the solution may bo prooipitatod as a 
pure aqueous compound (Kouriloff, 1889, obtained tho a'timo result by adding an excess 
of BaO a ). Tho first portions of tho precipitate will consist of impuritioB — for instance, 
oxide of iron. Tho barium peroxide then separates out, and is collected on a filter 
and washed ; it forms a substanoo having a definite composition, BaO s ,8H a 0, and is very 
pure. Pure hydrogen peroxide should always bo prepared from such purified barium 
peroxide. 

** In tho oold, strong sulphurio aoid with barium peroxide gives ozone ; when diluted 
with a oortain amount of water it givos oxygon (soe Note 0), and hydrogon poroxido is 
only obtained by tho action of very woalc sulphurio aoid. Hydrochlorio, hydrofluoric, 
carbonic, and hydrosilioofluorio acids, and othors, when diluted with water also givo 
hydrogon poroxido with barium poroxido. Profossor Sohbno, who vary carofully investi- 
gated hydrogon poroxido, showed that it is formed by tho action of many of tho abovo- 
montionod acids on barium poroxido. In preparing poroxido of hydrogon by moans of 
eulpliurio acid, tho solution must bo kept oold. A solution of maximum concentration 
may bo obtained by suoooBsivo treatments with sulphurio aoid of increasing strength. 
In this manner a solution containing 2 to 8 grams of puro poroxido in 100 o.o. of water 
may bo obtained (V. Kouriloff), 

35 With tho majority of acids, that salt of barium which is formed remains in solution ; 
thus, for instance, by employing hydrochlorio aoid, hydrogon peroxide and barium chloride 
remain in solution. Complicated procossos would bo required to obtain puro hydrogen 
poroxido from such a solution. It is much more convenient to toko advantage of tho 
action of carbonio anhydride on tho puro hydrate of barium peroxide. For this purpose 
tho hydrate is stirred up in wator, and a rapid stream of oarbonio anhydride is passed 


ffl 


Aqueous solution of hydros 0 proxide in ubUimtch This solution may 
bo conoentr&Ufd in a vacuum ov«r sulphuric arid. In this way the 


apnero, n 

hydrogen (mixed with the solution of n suit of sodium N«X) m used for 
bleaching (rojwwislly ailk and wool) on a largo scale, and in imw usually 
prepared from peroxide of sodium Na^O, by the action of acids. Na t O, 
+SHX*2NaX + H l O/h 

When pure, hydrogen peroxide U« colour 1 cm liquid, without smell,, 
and having a very unpleasant unite- such m Wongs* t« the salts of 
many metal#— tha meddled ‘ metallic * taste. Water stored in sine vcwwla 
haa thin taste, which is probably due to iu containing hydrogen per* 
oxide. The tennkm of the vapour of hydrogen peroxide i» Uma than that 
of aqutmtt vapour j thin enable® its solution* to bo concentrated in a 
vacuum. The tpedlie gravity of anhydrous hydrogen peroxide is 1 4&B. 
Hydrogen peroxide droonspow*, with the evolution of oxygen, wh*n 
heated even to 20®, But the more dilute it* aqueous solution the more 
triable it la. Very waak solutions may be distilled without darosnjwwing 
the hydrogen ptroddiw It dteeoloriawi solutions of litmus and turmorks, 
and act* in a trimihtr manner on many colouring matters of organic 
origin (for which mmm it ia employed for bleaching tissuas).'* w * 

Many tndmtamis dmtmfum kydrvym ptnw^, forming water and 
oxygen, without apparently suffering any change, In this mm tub* 

through lbs wirier. Bwfttw earbotute, tootalte tm wafer, (a Mwm4, «w> 4 IV Hyto „v» 
puroxiite romalsa tn wlatto, m that it may bn tmm to mtoitwfc by fllterteg 

ctriy, Os a Iturjp scale hyarofoosOWfl* is wtigteywl, m Urtam salt toe* <Om> 
towtobk is w»to. 

ww " Hydrogen pttoxife m«y he «rt»gbri from wry (trials hy ttM M «f 

ether, which fUtseivea it, imri when #tht4 with it to* hydrogen may nv«s ha 

flWflW. A sdtttlon of hydropift j peroxMw is wakr may tm wtfeagtofM»t t-., *j»«s4ir5*r it W 
slew tettpwstaro, wton the water cryetatom mtv-tot t#, b «*«arort*4 tom k*«~wh!j#4 
th® hydrops jwroxite mastes ta wtathm, tm It only trmmm at very ho* t«m{wraittma 
It mutt be otasma tori hydrops ptwmite, Is a strong wtetto to » \m* *s#H it 
exoMtUaKly unstahte mm tri to twtowy temperate ro, wsi tontoro ft mml te* pswervoft 
(q vesoela always kept cold, m etorwtee it wrote** «**yg*^ *4 (>*»« w«t#r. 

«£ m ’* UUi ‘ 4 ** ]hm M) h hv| =«v 4 hybamt^i *.4ttts» «» Arf at#. 

“” u of hydn^wtosht spp««»tly ft»4 as M«»M in th« 

l«i»st*»«e, (1) as aUsschlnff «tfrot, It Having to i«*f»rt«»t » srivwfa#* mm ehh*rf4# 
of moo, SOfl, ^ dm $*tpg npoa to material «ad«r torii*«s*t. |t owy be Mted (or 
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' stances in a state of fine division show a much quicker action than com- 
pact masses, from which it is evident that the action is here based on 
contact (see Introduction). It is sufficient to bring hydrogen peroxide 
into contact with charcoal, gold, the peroxide of manganese or lead, the 
alkalis, metallic silver, and platinum, to bring about the above decom- 
position . 28 Besides which, hydrogen peroxide forms water and parts 
with its oxygen with great ease to a number of substances which are 
capable of being oxidised or of combining with oxygen, and in this re- 
spect is very like ozone and other powerful oxidisera . SG To the class of 
contact phenomena, which are so characteristic of hydrogen peroxide as a 
substance which is unstable and easily decomposable with the evolution 
of heat, must be referred the following — that in the presence of many 
substances containing oxygen it evolves, not only its own oxygen, but 
also that of the substances which are brought into contact with it — that 


bleaching feathers, hair, silk, wool, wood,&c., it also removes stains of all kinds, euoh as 
wine, inlc, and fruit stains ; (2) it destroys bacteria like ozone without having any injurious 
oiToct upon tho human body. It can also be used for washing all lands of wounds, for 
purifying tho air in the aide room, &c., and (8) as a preserving agent for potted meats, &c. 

25 As tho result of careful research, certain of tho catalytic or contact phenomena 
havo boon subjected to oxact explanation, which shows tire participation of a substance 
present in tho procoss Of a reaction, whilst, however, it doos not alter tlie scries of changes 
proceeding from mechanical actions only. Professor Solfdne, of tho PetroilBky Academy, 
has already explained a number cl reactions of hydrogen peroxide which previously were 
not understood. Thus, for instance, ho showed tliat with hydrogen poroxide, alkalis give 
peroxides of tho alkaline motals, which combine with the remaining hydrogen peroxide, 
forming unstablo compounds wlxioh aro easily decomposed, and therefore alkalis evince a 
decomposing (catalytic) influonoo on solutions of hydrogen peroxide. Only aoid solutions 
of hydrogen poroxide, and then only dilute ones, can be preserved well. 

*5 Hydrogen •peroxide, as a substanoo containing much oxygen (namely, 10 parts to 
one part by weight of hydrogen), exhibits many oxidising reactions. Thus, it oxidises 
arsenic, converts lime into calcium peroxide, tho oxides of zinc and copper into peroxides; 
it parts with its oxygen to many sulphides, converting them into sulphates, &c. So, for 
examplo, it converts black lead sulpiride, PbS, into white lead sulphate, PbS0 4 , coppor 
sulphido into copper sulphate, and so on. The restoration of old oil paintings by hydrogen 
peroxido is basod on this action. Oil colours arc usually admixed with white load, and in 
many cases tlxo colour of oil-paints becomes darker in process bf time. This is partly 
duo to tho sulphuretted hydrogen contained in tho air, which aots on white lead, 
forming lead sulphido, which is blade. The intermixture of tiro black colour darkens tho 
rest. In clowning a picture with a solution of hydrogen poroxide, tho black lead sulphido 
is corivartod into wliito sulphate, and the colours brighten owing to tho disappearance 
of tho black substance wliioli previously darkened them. Hydrogen peroxido oxidises 
with particular energy substances containing hydrogon and capable of easily parting 
with it to oxidising substances. Thus it decomposes liydriodio acid, sotting tho iodine 
free and converting tho hydrogon it contains into water ; it also decomposes sulphuretted 
hydrogon in exactly tho same mannor, sotting tho sulphur froo. Starch paste with 
potassium iodide is not, howovor, directly coloured by peroxido of hydrogen in tho entire 
absence of free acids; but tho addition of a small quantity of iron sulphate (green vitriol) 
or of lead acetate to tho mixture is enough to entirely blacken tho paste. TIub is a very 
eonsitivo re igent (tost) for peroxide of hydrogen, like tho test with, chromic add ana 
ether (see Note (3). 
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these substances in dry powder. HJow dwnmpeaitinn »U?«» prwmHh* in 
dilute solution".* 7 



most important to remark that the nearest approach t*» the proprtie# 
of hydrogen peroxide is afforded by a rtofHtttefcoUie element, chlorine j 

w To explain the pbanotamdnj&B bypwltoai# ha# two pnl toward by |tr«wh«, Ctomai, 
anil SekBtttaltt which nappe*#** fttdutory tmygm to to «n ttodrwaUy n»wS»<4 natolMMS#, 
oorapooed, m to apeak, <it two etadrtoaUy opf***#»to hwd* * t «»*««*— awl m>§«« 
tlm It k nuppoMtl that hydrogen ptwamto cwntaiH# mm* totd **l h p«d*r »**yj(i*a* 
wkilit In the oaks# of Up* atom*' named «a*tdU tto p«nt*»n i» of »*pp*«#ito j«.|actiy. It it* 
supposed that in the oxide# *»f Uw» metal# tto c*«yg*» t* eUwtiw. negative, and in hydrogen 
peroxide eleetrmpaeiiive, and Umt on tto tmtlna) KUttwt ** t lto»« ytib»Uw»« urdmary 
neutral oxygen 1« evolved a# » eonaoqtmwe of the mutual aHr*rto>n *»f lh» oxygen# wf 
.©ppdalte polarity. Bmdto admit# tto p*4wrdy »f ot yt*» to Kumbtaaltuti, bat not m an 
un combined etate, wlulut Hehtotoin »appmu*« wtowihiwi u«yg*n I* to {"dor alw*, tm* 
alderlng aaone m elec lm*nega live oxygen, Tto atippoMUnn that (to oxygen *<f nanna in 
different from tluU of hydrogen peroxute *# e«»ilr#*toted l*? (to far t that m ortmg **n barium 
peroxide atrong sulphuric acid form# o *»*»*#. ami ddtito oral tow# hydrogen p#r*«f*d»». 

* 7llU It ahotttd la* mentioned that tobikiff (lf«5*Si) *4* (along a ft j«#r rout. wdalton <4 
HaOt, adding soda k* it, awl then extruding tto j*>rr<#*<le of hydrogen tr<m tto mutant 
by tthakUig it will* ether, obtained n fhi per wmt. wdnlton «d H/», t wltoh, although 
prfeeUy trm turn ntht# add*, gar* a diotincUy arid nwetimt with htmoa. And tow* 
atkwtlon tdwuld tot <4 *41 to tuitod t« tto bat that tto pwmiitda# *4 tto metal# «wrr#* 
fjwnd to lift* lite soite to ait acid, to ittatanc*, Na^»i m4 lW h $p. PBtUwnw-ra, it 
mast b« rtm«mh**t**d that « <# m amdf-g**** of H (Omptora XV, and XX ). and aalphttr 
R'V*.*st UaU, IIjHO.m and Ami atUphunm# arid, HjttOj, is tuvdalda a# a hydrato 

and giv«H wat*>r awl the tmhydnd# HiJ } If th» mtlphor h«* p»|4a*w*l by my%m, (to* 
hvatoad of HjftOj Mtd 80», m hav# H^OO* and 0<V Tb» Uu*t it »*«*», »h*l« (to «»it 
K a 0 4 (peimxtdt* of poMtua) aamtqsmda to th*> hydmto »# t>* m »»*d. And 
between H a 0 and JljO« U»em may «*t#t iutotiwhato a» sd * (!*» Br*t <4 wtoh 

would Ik* HjOj, in whiuh, tom atiah^y to tha walphttr nwttpuwmU, mm wuwld **#p##d wtid 
properties. Ilwidwt which w# may mentten that to aulphur, b*.*i4«* «.*« fwtoh m* a 
feeble add), IlgSg, IlsHj, H a H s or# known* That to many te«p«#ta II/*, nl«» p mots «4 
tooemhlaweit to wid etimpouado, and ft# re/ardt it# *|Ualtiatop MMttantoa, it net 

only memblw NojO^, Ua0 3 , Ac., b«t ohm pwnmdphnrM; HHU 4 (to whmh the on* 
hydride 8*0y eom^Htmle) and CttjOn &«., wbtoh will to ent.^m nUy *UmM- 
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its action on colouring matters, its capacity for oxidising, and for 
evolving oxygen from many oxides, is analogous to that exhibited by 
hydrogen - peroxide. Even, the very formation of chlorine is closely 
analogous to the formation of peroxide of hydrogen ; chlorine ia 
obtained from manganese peroxide, Mn0 2 , and hydrochloric acid, HC1, 
and hydrogen peroxide from barium peroxide, Ba0 2> and the same 
acid. The result in one case is essentially water, chlorine, and 
manganese chloride ; and in the other case barium chloride and hydro- 
gen peroxide are produced. Hence water -f chlorine corresponds with 
hydrogen peroxide, and the action of chlorine in the presence of water 
is analogous to the action of hydrogen peroxide. This analogy between 
chlorine and hydrogen peroxide is expressed in the conception of an 
aqueous radicle, which (Chapter III.) has been already mentioned. 
This aqueous radicle (or hydroxyl) is that which is left from water if 
it be imagined as deprived of half of its hydrogen. According to this 
method of expression, caustic soda will be a compound of sodium with 
the aqueous radicle, because-, it is formed from water with the evolution 
of half the hydrogen. This is expressed by the following formulm • 
water, II 2 0, caustic soda, NaHO, just as hydrochloric acid is HC1 and 
sodium chloride NaCl. ITonoe the aqueous radicle IiO is a compound 
radicle, just as chlorine, Cl, is a simple radicle. They both give hydro- 
gen compounds, IIHO, water, and HC1, hydrochloric acid ; sodium 
compounds, NaHO and NaCl, and a whole series of analogous com- 
pounds. Froe chlorine in this sense will be C1C1, and hydrogen 
peroxide HO HO, which indeed expresses its composition, because it 
contains twice as much oxygen as water does. 28 

Thus in ozone and hydrogen peroxide we eee examples of very 
unstable, easily decomposable (by time, spontaneously, and on contact) 
substances, full of t}ie energy necessary for change, 28 Ws capable of being 
easily reconstituted (in this case decomposing with the evolution of 
heat ) ; they arc therefore examples of unstable chemical equilibria. If 
a substanco exists, it signifies that it already presents a certain form 
of equilibrium botwoon those elements of which it is built up. But 

10 Tamilian anil Carrara (1893) allowed by determining the depression (fall of the 
.temperature of the formation of ice, Chapters L and VH.) that tho molecule of peroxide 
of hydrogen contains II 2 Os, and not HO or HsOj. 

»8 iil« 'pii e lawor oxidoB of nitrogen anil chlorine anil the higher oxidos of manganese 
arc also formed witli tho absorption of heat, and therefore, like hydrogen peroxide, aot in 
a powerfully oxidising manner, and are not formed by tlie samo mothods as tho majority 
of other oxidoe. It is uviilunt that, lining endowed with a richer store of energy (acquired 
in combination of by absorption of boat), such substances, compared with others poorer 
in energy, will exhibit a greater diversity of oasos of chemical action with other shb* 
e tan oca 



general. 

Hydrogen unite* with oxygen in two degree* of oxidation : water 
©r hydrogen oxide, and oxygenated water or hydrogen pnroxi'Ut ; for a. 
given quantity of hydrogen, the paroxfde contains twice an much oxygen 
m done water. TUi* i« a fresh example confirming the corroctnasa of 
the law of nmUiplc proj>wtinn», to which we have already inferred in 
upoaking of the water of crystallisation of wdu. Wo can now formu* 
Into thin law if multiple proportion*. If two »uh$ai icm A and 

Ji (either ttimpk or compound)* unite together to form wml enmpaumk, 
AJi m , AfU ..... th m Having ucftrtuml the compositions tf all (hm 
compounds in ttuch a * mg that the quantity [hf Height or volume) tf on#' 
<f the mmptmml parts will hr a ctmiiattf quantity A, it mil lm ohmrmd 
that in all thrampoumh AH*, AH* . ... the quantities of the aihvr 
wmpomntpart, H, will always he in rmimwnmmfth relation : generally 
in dimple re utiipk priori wn ™- that w, that a; h , . nr m/n i$ ta rjq 
m whoU number*, Jbr instance m 2 : 3 or 3 : 4. . . . 

The nmlytli of water shows that to I0Q parts hy weight it contains 
1M12 parts hy weight of hydrogen and 88*888 of oxygon, and the 
analyalti of peroxide of hydrogtm ahowa that it contain* U411U parts of 
oxygon to 5*888 parte of hydrogen. In thte the analysis b ©xprosoed, 

m It the |w4nt of support of * Wy Ite* in * VM-Ural line below the «wtitt« t4 gravity, 
It l* In ensUUto equilibrium. It the eontfe at gravity Urn tetew lto» p«»u.i *4 eupport, 
the state of equilibrium iw very stable, end a vibrate** urns l Aw phte# about thi* poet. 
Won of (liable equilibrium, «w» in a pendulum «r butenea, wawa finally tb*» te*ly Maanw* 
a position of stable equilibrium. lint if, keeping to the mtm maeteunwal exampto, 
the body be supported not t*u « point, in the g<*««wrtrfc#J| ««»sw *4 the word, but on a 
email plau**, then the abate of unstable eqniUbrmm may b# preeMrved, unto** destroyed 
by external Influences, 11. to. » man stands upright aopportod ** tte» plane, «*r owner*) 
polnta of the serfage# at Uto feet, having the e*»tr# *4 gravity atewe the p>4at« of eappadt 
Vibration S» then possible, but It to limited. otl»«mi#a «#* pasato* outside the limit of 
possible equilibrium another mm *Hl4« paeilton to eMeliwd stent wbtoh vibrato** 
bate***®* mew possible, 4 f*ta» haattomd to water may have several mm m 1*« »UbU 
po#tfcta®» of ©qttihMwtit, The m fa ate:, true with the atoms is* molecule*. Item© 
taedwto* prwwut a eteto of pore stable equilibrium item otter* Ifotw* h m Due simpto 
oompftrtaon it will be at t»nm ertdwt that the stability *4 matmmlee may vary considerably,, 
that one and the «mm element*, taken to tbs mim mooter, may five t*b4t**rt<l«* of * : Ut» 
fmnt trtebllliy, and, lastly, the! there may exist states *4 equilibria which *r« m* tumtehle^ 
■so cphomenU, that they will wily artos ntrter partUmlariy special wmsbtem*--«a«h, Put 
exnmphi, wi oerUin hydrutes mentkaed to the ftr#t chapter (*«* H«tw 6?, if, and 
And If to one owe the Instability of a giwn itote *4 »qtuitbtnim to »S|«teed by it# 
tostebility with a olmn^n of tempemhmt or phyrioid state, item to other i»nm it to 
Mpremwd by the fiwiUty with whtoh it deoecotom* m$m ih« mimm® of wstort or at 
me ehemkMd toftueaoo of otter sobstwaew, 
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as analyses generally are, in percentages ; that is, it gives the amounts 
of the elements in a hundred parts by weight of the substance. The 
direct comparison of the percentage compositions of water and hydro- 
gen peroxide does not give any simple relation. But such a relation is 
immediately apparent if we calculate the composition of water and of 
hydrogen peroxide, having taken either the quantity of oxygen or the 
quantity of hydrogen as a constant quantity — for instance, as unity. 
The most simple proportions show that in wator thoro are contained 
eight parts of oxygen to one part of hydrogen, and in hydrogen peroxide 
sixteen parts of oxygen to one part of hydrogen ; or one-eighth part of 
hydrogon in wator and one-sixteenth part of hydrogen in hydrogen 
peroxide to one part of oxygen. Naturally, the analysis does not give 
these figures with absolute exactness — it gives them within a certain 
degree of error — but they approximate, as the error diminishes, to that 
limit which is here given. The comparison of the quantities of hydro- 
gen and oxygen in the two substances above named, taking one of the 
components as a constant quantity, gives an example of the application 
of the law of multiple proportions, because water contains eight parts 
and hydrogon peroxide sixteen parts of oxygen to one part of hydrogen, 
and these figures are commensurable and are in the simple proportion of 
.1 : 2 . 

An exactly similar multiple proportion is observed in tho com- 
position of all other well- investigated definite chemical compounds, 30 

50 When, for oxatnplo, any element forms several oxides, they aro subjoct to tho law 
of multiple proportions. For a given quantity of tho non-motal or motal tho quantities 
of oxygen in tho different dogroes of oxidation will stand as 1 : 2, or as 1 : 8, or as 2 : 8, 
or as 2 : 7, and so on. Thus, for instance, oopper combines with oxygon in at least two 
proportions, forming the oxides found in nature, and called the suhoxide and the oxido 
of copper, Cu fl O and GaO ; the oxide contains twice as much oxygen as tho suboxide. 
Load also presents two degrees of oxidation, tho oxido and peroxide, and in the latter 
thoro is twloe as rauoh oxygen as in tho former, PbO and Pb0 4 . When a base and an 
aoid aro capablo of forming sovoral kinds of salts, normal, aoid, basic, and anhydro-, it is 
found that they also oloarly oxomplify the law of multiplo proportions. This was demon- 
strated by Wollaston soon after tho discovery of tho law in question. Wo saw in tho 
first chapter that salts show different dogroos of combination with wator of crystallisation, 
and that they obey tho law of multiple proportions. And, nioro than this, tho indefinite 
chemical compounds existing as solutions may, as wo saw in tho samo cliaptor, ho brought 
under tho law of multiplo , proportions by tlio hypothesis that solutions aro unstable* 
hydrates formed acoording to the law of multiplo proportions, but occurring in a stato of 
dissociation. By moans of this hypothesis tho law of multiplo proportions booomos still 
more general, and all tho aspects of chomioal compounds aro subjoot to it. Tho direotion 
of tho whole contemporary stato of chemistry was detorminod by the discoveries of 
Lavoisier and Dalton, By endeavouring to prove that in solutions wo have nothing else 
than tho liquid products of tho dissociation of doflnito hydrates, it is my aim to bring also 
this category of indefinite oomxxmnds under tho gonoral principle enanoiated by Dalton; 
Just eye astronomers havo discovered a proof and not a negation of tho laws of Newton in 
perturbations. 
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and thorafora the law of multiple proportions is accepted in chemistry 
ns the storting point from 'which other consideration* proceed. 

The low of multiple proportions wm discovered at the beginning 
of this century by John Dalton, of Manchester, in investigating th© 
compouiulfi of carbon with hydrogen. It appeared that two gtwioua 
compounds of ih©»© imbstanow}— marsh gw, C1I 4S and oluiknt gat, 
O a H<, eonbiin for ‘on® and the bmoc quantity of hydrogen, quantitiea 
of carbon which stand in multiple proportion ; namely, marsh gw 
contains relatively half m much carbon m olefiant gar*. Although the 
analysis of that time was not exact, still the accuracy of this law, 
recogniatxl by Dalton, waa further confirmed by more accurate invest!* 
gatiorm. On eatablishing the law of multiple proportion*, Dalton gav© 
a hypothetical explanation for it. This explanation is bawd on tiro 
atomic) theory of matter. In fact, the law of multiple proportions may 
be very ©Rally underfite**! by admitting the atomic xtruotum of matter. 

The oaaonoe of the atomic theory is that matter k auppoaed to con? 
list of an •agglomeration of small and indivisible part*- "'atoaet— which 
do not fill up th© whole apneo occupied by a sutattanc©, but stand apart) 
from each other, ns th© tun, planet*, and atara do not fill up th© whole 
§paw» of tip universe, hut are art ft distance from each other. The form 
and properties of «ubstanee« are determined by the position of their 
Utenm in apace and by their statu of motion, whilst the rmotiom no 
eomplkhod by tubitaneea aw understood a* mUatrilmtiona of the 
relative positions of atoms and ohangest in their motion. The atomic 
representation of matter arow in very ancient time*, 11 and up to recant 

81 LeMoipiuii, Itemoerltea, and rntpsetelly Ltmrwlto#, to tit# «U«*fca} *##*, 
nantesl iimlter m made up of atamis ”Uw*t is, *4 part* torapahte >4 farther divtoiott. The 
gmsusotricol impossibility t4 stab tin admUstoti, *ct well m Urn matcluMona which w«»r« 
dedsiewl by Urn emcipot from lh#ir faiuhnmmUi pi«>| •..«»©*•>}«, pr*v«ate4 othar 

pluhtwphnns from fidlciwlou thorn, wwl tiw «u»mto ihktitiw*, Pm very mmy othorn, Uved, 
without belnK ratifted by laot, in hi# tro*#to*U«j*a «4 its Mkrwei’s. list*#®** th# pr»s««i 
aUwale thwy awl lb# dwlrto# «4 lb# abtivw- named Mteteal pbi!»w*>j.<b»r« ih.-ro is 
naturally a remote Pstaritei onortttftkt#, a* tertwswa th# tWtvte** «{ l*yih*tf«rrM and 
CepernUms, but thny are MMmUaUy dtBmrmi. $’**r n* Um %um •* imbvsstote, rod in tlw 
gmtttuftrimtl abstowt ««««*, but only to * physio*} «**4 etemkul «ttw It *..*M t» hotter 
la salt Urn abate tndivMbte mdmdrotte Tim ttrwofc vtem <* IH« l«*Un ss, tooted, Wlh 
awcmlisg to th# etymology Bad «ri$toal «hw of 0,*. word*, toil in cotii** <4 tune th*>»» two 
wards haw arUfterertt meaning , This trohvidwd i» mnnhsAtenUy and g«o»»trt«»ily 

divisible, top only tudlvWblo in a spsotel =<•»»*.<, Th# #*rih, Urn sun, a maw «»f a lly are 
individuals, although gaomeHoally divtathto, *thu» Ut# 1 atom* * *4 matenm, 

Indlviftibk in iv cWininnl wnn#, bsrm Ukmi anita with wpeh u> Uw> ui» 

v«#Ugtttion of the naturul pb«wnsi»mfm »( j»»t m # who is to* tehvteWs ttoft ift 

Om invns ligation of »«>oi4 rslaWwns, nr *« the stars, jlrums*. mm\ ItiwlwAreMiimrv# m tmtN n» 
a«te«>mnny. The lormalion of the vortex hyp#P«#{# t to whirl*, m »• shall wants *«% 
atoms mss tefclf# whirls mwhaotoaliy eofepbx, allh***«h ^yittob«hmtm«4)y u*4lvl«hte| 
dearly show* that the sejenUflo msa <4 oar Item to toWiag In U«* atowte Omwry have 
only borrowod'ths wwd awl fwm of #xpr*«tea from 0*# uiH icnt ptolsvaplmr#, mA mi the 
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ever, tho majority of scientific men uphold the atomic hypothesis, 

essence of their atomic doctrine. It is erroneous to imagine that the contemporary con- 
ceptions of the atomists aro nothing but tho repetition of tho metaphysical reasonings 
of the ancients. To show tho true meaning of the atomism of tho ancient philosophers, and 
the profound difference) botweon their points of argument and those of contemporary 
men of scionco, I cito tho following fundamental propositions of Democritus (n.c. 470- 
880) as the best oxpoundor of tho atomio dootrino of tho ancients: — (1) Nothing can 
proceed from nothing, nothing that oxists oan disappoar or be destroyed (and hence 
inattor), and ovory change only oonsists of a. combination or separation. (2) Nothing is 
accidental, thoro is a roason and necessity for everything. (8) All except atoms and 
vacua is roason and n6t existence. (4) The atoms, which are infinite hi number and 
form, constitute tho visible universe by their motion, impact, and consequent re- 
volving motion. (5) Tho variety of objects depends only upon a difference in the 
number, form, and order of the atoms of which they are formed, and not upon a quali- 
tative difference of their atoms, which only act upon each othor by pressure and impact. 
(6) Tho spirit, liko flro, oonsists of minute, spherical, smooth, and very mobile and all- 
penotrating atoms, whoso motion forms tho phenomenon of lifo. These Democritian, 
chiefly motaphysioal, principles of atomism aro so essentially different from the prin- 
ciples of tho prosont atomio dootrino, which is oxolusivoly applied to explaining the phe- 
nomena of tho oxtomal world, that it may bo useful to mention tho ossonoe of tho 
atomio propositions of Boscovitch, a Slav who livod in tho middlo of tho eighteenth 
century, and who is regarded as tho founder of tho modern atomio doctrines whioh, 
howovor, did not talcs hold upon tho minds of scientific men, and were rarely applied 
prior to Dalton — i.o. until tho beginning pf tho nineteenth century. Tho doctrine of 
Bosoovltoh was.onunoiated by him in 17G8-17C4 in his 1 Philosophic natitralis thcoria 
veduofa ad uivioam logom virium in natiura cxiatontiwm.' Boscovitch conBidors 
matter to bo composed of atoms, and tho atoms.to bo tho points or centres of forces (just 
as tho stars and planots may bo considered as points of Bpaco), acting betwoon bodios and 
their parts. Tlioso. forces vary with tho distanco, so that boyond a cor tain very small 
distanoo all atoms, and honoo also thoir aggregates, are attractod according to Newton’s 
law, but .at loss distances, thoro altomato wavo-lilco spheres of gradually decreasing- 
attraction and increasing (as tho distance deoroasos) repulsion, until at last at a minimum , 
distance only the repollent notion remains. Atoms, thoreforo, cannot mergo into oaoli 
othor. Consequently, tho atoms are held at a certain distance from each othor, and 
therefore oqpupy spaoo. Boscovitch compares the sphere of ropulsion surrounding tho 
atoms to tho spheres of aotion of firing of a detachment of soldiers. According 
to his dootrino, 'atoms aro indostruotiblo, do not merge into each othor, havo mass, 
aro ovoriasting and mobilo undar tho aotion of tho forcos propor to thorn. Maxwell 
rightly calls this hypothesis tho ‘ oxtromo ' among thoso existing to explain matter, bub 
many aspects of Bosoovitoli’s dootrino ropoat themselves in tho views of our day, with 
this ossontial difforonco, that instead of a mathematical point furnisbod with tho pro- 
perties of mass, tho atoms aro ondpwod with a corporeality, just as tiro stars and planoto 
aro corporal, although in cortafri’ aspocts of thoir interaction they may bo regarded 
as mathematical points. In my opinion, tho atomism of our day must first of nil 
bo regarded moroly as a convenient mothod for tho investigation of pondorablo 
inattor. Ab a goomotrioian in reasoning about curves voprosents thorn as formed of a 
eucoosston of right linos, booauso suoh a method enables him to analyse the subject 
under investigation, so tho scientific man applios tho atomic theory as a method of 
analysing tho phonomona of nature. Naturally thoro aro peoplo now, as in ancient 
times, and as thoro always will bo, who apply reality to imagination, and thoreforo 
there aro to ho found atomlBts of oxtromo views ; but it is not in their spirit that wo 
should acknowledge tho great services rendered by tho atomic dootrine to all science. 
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A certain number of atoms n of an element A in combining with 
several atoms m of another element B give a compound A* B m , each 

motion. Thus motion has become a conception inseparably knit with the conoeptioh 
of matter, and this has prepared the ground for the revival of the dynamical hypothesis 
of the constitution of matter. In the atomio theory there has arisen that generalising 
idea by which the world 6f atoms is constructed, like the universe of heavenly bodies, 
with its suns, planets, and meteors, enduod with overlasting force of motion, forming 
molecules as the heavenly bodios form systoms, like the Rolar system, which molecules 
are only relatively indivisiblo in the eamo way as the plan&ts of tho solar systom aro 
inseparable, and stable and lasting as tho solar system id lasting. Suoh a representa- 
tion, without necessitating tho absolute indivisibility of atoms, expresses all that science 
can roquire for an hypothetical representation of the constitution of matter. In closer 
proximity to tho dynamical hypothesis of tho constitution of matter is' the oft-times 
rovivod vortex hypothesis. Descartes first endeavoured to raise it ; Helmholtz and 
Thomson (Lord Kelvin) gave it a fuller and more modem form ; many soientifio men 
appliod it to physios and chemistry. Tho idea of vortex rings serves as tho starting 
point of this hypothesis ; those aro familiar to all as the rings of tobacco smoke, and 
maybe artificially obtained by giving a sharp blow to the sides of a cardboard box 
having a circular orifice and filled with smoke. Phospliuretted hydrogen, as. wo shall 
See lator on, when bubbling from water always gives very perfect vortex rings in a still 
atmosphere. In such rings it is easy to observe a constant circular motion about their 
axos, and to notice tho stability tho rings possess in their motion of translation. This 
uuoliangoablo mass, endued w;tli a rapid internal motion, is likened to tho atom. In a 
modium deprived of friction, such a ring, as is shown by thoorotical considerations of tho 
subject from a mechanical paint of view, would be porpetual and unchangeable. Tho rings 
aro capablo of grouping together, and in combining, without being absolutely indivisible, 
remain indivisible. Tho vortex hypothesis has boen established in our times, but it haB 
not boon fully dovolopod ; its application to chomical phonomona is not clear, although 
not impossible ; it does not satisfy a doubt in roBpoct to tho nature of tho space existing 
between tho rings (just as it is not cloar what exists betwoon atoms, and botwoon tho 
planets), noithor doos it toll us what ia the naturo of the moving HubBtanco of tho ring, 
and thoroforo for tho present it only presents tho germ of an hypothetical conception of 
tho constitution of matter; consequently, I consider that it would bo superfluous to 
speak of it in groator detail. However, tiro thoughts of investigators aro now (and 
nathrally will be in the future), as they were in tho time of Dalton, often turned to tho 
question.of tho limitation of tho mechanical division of matter, and the atomists have 
searched for an answer in the most diverse spheres of nature. I select one of the 
methods attempted, wliioh does not in any way refer to oheixiIstry,.in order to show how 
closely all the provinces of natural scionoe aro bound together. Wollaston proposed tho 
Investigation of tho atmosphero of the heavenly bodies as a moans for confirming the 
oxiBtoneo of atoms. If tho divisibility of mattor bo infinito, then air must extend 
throughout tho entire space of tho heavens as it oxtends all over tho earth by its elasticity 
and diffusion. If tho infinite divisibility of mattor bo admitted, it is impossible that any 
portion of tho whole spaeo of the universe can bo entirely void of tho compouont parts of 
our atmosphere. But if matter bo divisiblo up to a cortain limit only — namoly, up to the 
atom — then thoro can exist a heavenly body void of an atmosphere ; and if such a body 
bo discovered, it would servo as an important factor for tho acceptation of the validity of 
tho atomio doctrine. Tho moon has long boon considorod as such a luminary and this 
circumstance, especially from Its proximity to tho earth, has boon cited as tho best proof 
of tho validity of tho atomio doctrine. 'This proof is apparently (Poisson) deprived of 
some of its foveo from the possibility of tho transformation of the component parts of 
our atmosphere into a solid or liquid stato at immonso heights above tho earth’s surface, 
wlioro tlio temporaturo is exceedingly low ; but a sorios of researches (Pouillet) has shown 
that tho temporaturo of tho heavenly spaeo is comparatively not so very low, and is 
attainable by experimental moans, so that at tho low existing prossuro tho liquefaction 
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although the present conception of an atom is quite different from that 
of the ancient philosophers. An atom at the present day is regarded 
rather an an individual or unit which is indivisible by physical ,a ami 
chemical forces, whilst the atom of the ancients was* actually mechanically 
and geometrically indivisible. When Dalton ( 1 8(14 ) discovered the law 
of multiple proportions, he pronounced hituself in favour of the atomic 
doctrine, because it enable* this law to be very easily understood, If 
the divisibility of ovary element has a limit, namely the atom, then tho 
atoms of elements are the extreme limits of all divisibility, anti if they 
differ from each other in their nature, the formation of a nomjKmnd 
from elementary matter must consist in the aggregation of several 
different atoms into one whole or system of atoms, now termed 
particles or mvlecuU*. An atoms can only combine in their entire 
masses, it is evident that not only the taw of definite composition, but 
also that of multiple proportions, must apply to tho combination of 
atorna with one another ; for one atom of a substance can combine 
with one, two; or throe atoms of another sulwtamw, or in general one, 
two, three atom* of one substance are able to combine with one, two, 
or three Atoms of another j this being the emmet* of the law of 
multiple proportions. Chemical and physical data am very well ex- 
plained by the aid of tho & tonne thorny. The displacement of am 
element by another follow* the law of equivalency. In this e«m one 
or several atom* of a given element take dm place of one or several 
atoms of another efemoat in its compounds. Tim atom* of different 
eubrtanees oan tm mixed together in the mxm sense as sand can be 
mixed with clay. Tlvey do not unite into turn whoUv— be. there i* not 
a perfect blending in the one or other case, but only a juxteposition, a 
homogonoou* whole Iming funned from individual part*. This is the 
first and moat simple method of applying tho Atomic theory to the ex- 
planation of ehomioal phono tw»HA, M 

which, while it hm tows essentially dswefepad, K tf it to MM to 

Mdoa* sit Mass to the ttostrmw i f th« snrtssnt*, s *w*tas of the ewtmt. 4ytuunir<U *uwl 
atomic deefeiiads. 

9 Batten sail many el Ms mmmwm dMngnisfced the atom* af efcwneste and eem- 
pewAs, in which they clearly symbolised the *U8<mmm «f their tmm the rwp». 

of the aadtata. New only the toUvidmU# of the etewectu, n»4j»i®ihl» by 
physical and etteffileal toroes, sm tamed te, m4 tto mdmdftidi* at «x*n{*wiii4* tu» 
divisible under physical changes am termed mAtmim j these w*» dt«Mhl» Into efcww by 
ohemleuil fames. 

18 In the jimwnt eredHkm el eetaftae, sHfear the sbwnla «*r the dynsmiesJ hypnthMl* 
is Inevitably obliged to admit the mclmUmtm of tut invisible wj 4 in»jw«*j4*hl« is 

matter, wttfacmt whioh it is impossible to ttMtenttsie! «4th«r light re toat, «r gasso** 
pn^umr-w, ear any df Urn nMwhsnJcsl, pbf#tas4, er atomical fkm&erntmtm. Th» w *-M 
saw vital mtiUou In animals only, but to ns the waslkst pwWrb* *4 waiter, atsfowl with 
wit otoo, or energy in some degree or other, hi iaao mp s wto osibUi wtHwei sstfesslstsat 


OZONE AND HYDROGEN PEROXIDE— DALTON’S LAW 219 


A certain number of atoms n of an element A in combining with 
several atoms m of another element B give a compound A* B m , each 

motion. Thus motion has become a conception inseparably knit with the conception 
of matter, and this has prepared the ground for the revival of the dynamical hypothesis 
of the constitution of matter. In the atomio theory there has arisen that generalising 
idea by which the world bf atoms is constructed, like the universe of heavenly bodies, 
with its suns, planets, and meteors, endued with everlasting force of motion, forming 
molecules as the heavenly bodies form systems, like the solar system, which molecules 
are only relatively indivisible in the same way as the planets of the solar system are 
inseparable, and stable and lasting as- the solar system id lasting. Such a representa- 
tion, without necessitating the absolute indivisibility of atoms, expresses all that soience 
Can require for on hypothetical representation of the constitution of matter. In closer 
proximity to the dynamical hypothesis of the constitution of matter is the oft-times 
revived vortex hypothesis. Descartes first endeavoured to raise it ; Helmholtz and 
Thomson (Lord Kelvin) gave it a f oiler and more modem form ; many scientific men 
applied it to physics and chemistry. The idea of vortex rings serves as the starting 
point of this hypothesis ; these are familiar to all as the rings of tobacco smoke, and 
may be artificially obtained by giving a sharp blow to the sides of a cardboard box 
having a circular orifice and filled with smoke. Phosphuretted hydrogen, as. we shall 
See later on, when bubbling from water always gives very perfect vortex rings in a still 
atmosphere. In such rings it is easy to observe a constant circular motion about their 
axes, and to notice the stability the rings possess in their motion of translation. This 
unchangeable mass, endued with a rapid internal motion, is likened to the atom. In a 
medium deprived of friction, such a ring, as is shown by theoretical considerations of the 
subject from a mechanical point of view, would be perpetual and unchangeable. The rings 
are capable of grouping together, and in combining, without being absolutely indivisible, 
remain indivisible. The vortex hypothesis has been established in our times, but it has 
not been fully developed ; its application to chemical phenomena is not clear, although 
not impossible ; it does not satisfy a doubt in respect to the nature of the space existing 
between tho rings (just as it is not clear what exists between atoms, and between the 
planets), neither does it tell ns what is the nature of the moving substance of the ring, 
and therefore for the present it only presents the germ of an hypothetical conception of 
the constitution of matter ; consequently, I consider that it would be superfluous to 
speak of it in greater detail. However, the thoughts of investigators are now (and 
naturally will be in the future), as they were in the time of Dalton, often turned to the 
question.of the limitation of the mechanical division of matter, and the atomists have 
searched for an answer in the most diverse spheres of nature. I select one of the 
methods attempted, which does not in any way refer to chemistry, in order to show how 
closely all the provinces of natural science ore bound together. Wollaston proposed the 
investigation of the atmosphere of the heavenly bodies as a means for confirming the 
existence of atoms. If the divisibility of matter be infinite, then air must extend 
throughout the entire space of the heavens as it extends all over the earth by its elasticity 
and diffusion. If the infinite divisibility of matter be admitted, it is impossible that any 
portion of the whole space of the universe can be entirely void of the component parts of 
oux atmosphere. But if matter be divisible up to a certain limit only — namely, up to the 
atom — then there can exist a heavenly body void of an atmosphere ; and if such a body 
be discovered, it would serve as an important factor for the acceptation of the validity of 
the atomic doctrine. The moon has long been considered as such a luminary and this 
circumstance, especially from its proximity to the earth, haB been cited as the best proof 
Of the validity of the atomic doctriue. 'This proof is apparently (Poisson) deprived of 
some of its force from the possibility of the transformation of the component parts of 
our atmosphere into a solid or liquid state at immense heights above the earth’s surface, 
where the temperature is exceedingly low ; but a BerieB of researches (Pouillet) has shown 
that the temperature of the heavenly space is comparatively not so very low, and is 
attainable by experimental means, so that at the low existing pressure the liquefaction 
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molecule of which will contain th© atoms of the elements A and B in 
this ratio, and therefore the compound will present a definite compniUon, 

of the gases of the atmosphere cannot fee expected swi on ih« moon. Urn 

ftbwnoo of an atmosphere about toe moon, U il wow not subject to tonibt, would be 
•counted us n farulbte proof of the atemte theory, Aa a proof of the ahwracn of a lunar 
fttmoephero, it Is cited that the moon, in ite independent motion b#tw«m the ntnim, wh#n« 
cclipuuig a eUr-4hnt is, when posting between toft eye end tim aUr-dawi not show any| 
dgttfl of refraction at lt« edfe ; th« image of the star 4 om m*i alter it* position in th# 
heavens on approaching kh« moon's eturiaoe, otmaotjoenUy there* i* no fttemwtdmrn on th# 
•moon's surface ogpahk of redrafting the rays of light, ti*uh l» th« cwndneton by which 
th# absence of ft lunar atmosphere is acknowledged, lint tot# eamdwakm ts root! fotihte, 
and there tire* even facta in exact contradiction to it, by which I to* existence of a lunar 
atmosphere! may Ik* proved. The entire aurfao# t*f the swat i* anwwi with a number of 
moon tains, having in the majority of comm the conical form natural to volcano##. Th# 
volcanic character of the lunar mountain# was confirmed in October IWKl, when a eium#® 
waa observed in the form of one of them (the crater I4mma). There* mountain# most 
b« on tlx# edge of th# lunar disc, them la pnrfifo, they neremn cww* another wml inter- 
tom with observation# on the mirfaoa of Urn moon, an that when bmkiag at the twig# of 
th# lunar disc w# are obliged to make imr observation# not on to# moon*# eurianr*, bnh 
at the commits of the Inner mountain#. There* mowiteina aw higher than ton## on 
our earth, and wmwMjuenUy at their nmnmite the lunar atitxMiphen* m»»t to* exceedingly 
rarefied oven if it poaewe an obresmbte density at the mehm. Know tug the mum of 
ttie moon to be eighty two times teas than tho **»#* of tin* earth, we am ahl« to ttatanatn* 
approximately that our atmmipberei at the moon's surface would be about twenty- 
eight time# lighter than It is on the earth, and creRseqneutly at th# very nturfaea of feu. 
moon the infraction of light by th# lunar atmosphere m«4 be very alight, ami at tins 
height# of th# lunar mountains St muni be taptwwptihte, ami would be Wt within th# 
limits of experimental error. Therefor# th# absence of refraction «f light at the edge of 
tlie moon*# ditv# cannot yet ha urged la favour id the absestee of a lunar *tm«njdu-r<\. 
There is even a m<ri«*s of observations obliging »# to admit th# exteteaee of title ata*o- 
eptom Than# mearebes are doe to Stir John Iterwetorf, TUI* U what he write* : 1 It ha# 
often teem remarked that during the eeiipee of a s tar l»y Urn moon then* occur# a peculiar 
optical tUuakm \ it aammi a# if U» star before dteappsaring peered over toe e»tg» of the 
moon and ifi seen through the Ittoar disc, sometime* for a rather tong jw*ri*#i of time, X 
myself have obaerved this phenomenon, and it ha* been wttneeeed by perfectly trust* 
worthy observers. I aaerib# it to optical illtnmm, but it must be admitted that tire alar 
might have been ww on th# lunar diee through to«w deep ravttw «<n the im«>n.* (iemiter, 
in Belginm (lB8fi), following the opinion of Cawnni, Kite*, trnd otiwra, gave att mptem- 
■til® of tiiia pUcnomwiou ; lie otmshbou it due to the Mrm to-H of light in tUn v alley o of 
tiie lunar mountain# which occur on the edge of tin? Imwr diw. In fact, although lha#o 
vallaya do not probably pnwwmt the form of straight ravlmm, y»i it may s«m»ttiwM 
hapiKai that the light of a star in 'so rwfracted that It# Urmg » might tm mm, m.fwitir 
•tending the ttliseueo of a direct tmth fur lb# lighbraya. M« then un t»* iwtuark 
that ton dwwiity of tlm limar ftttamvplwte must l*i vatlabh* in difermit partis owing to 
too wry long night# on th# iwnm. On tim dark, or iumdtimninate«l purtiun, owing to 
to#«o long idghte, which test thirteen of owp daya am 1 night*, th#r# mw»t 1*» mssmI v« tvdtl, 
#a^ hone# n dmw* fttoM*»tilitao?, white, on th# wmtnury, m Um tlltuntmited jumtom tlw 
ifttmospli^r# mast h# inucli mom mridtol, 'ttds variation j» th# t«iap#r»turn of tlw 
difftmjnt. parts of toe moon's wirf### eacptelo# ateo to# #!*«»*» of obmde, m.tw*tiwtending 
■the possible prcewion of sir and «inw.wa vapour, m the vteibte partem *4 to# moon. Th# 
p®##ne« of an fttoKWphsr# round to# mu ami phumte, judgmg fr-w a»itnm«*mic«d ol«*fva* 
tteus, may be ootiBkiorwl mi fully pruvsd. On Jitpdm- and Mam mm tmmh *4 i b.mia 
may b# distiaguitood. Tim# to# Rtomte dooMa#, admitting a Unite tmAmimi divh 
eibility only, must 1m, as ynt at least, only amwpted m ft imaig «tttihMr to that »m»a«# 
which a mathematiciaa empl^r* wb m he breaks up k wtil&mm «gmthMMr tom tote a 
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expressed by the formula A„B„„ where A and B are the weights of the 
atoms and n and m their relative number. If the same elements A 
and B, in addition to A„B m > also yield another compound A r B 4 , then 
by expressing the composition of the first compound by A„B ror (and this 
is the same composition as A„B m ), and of the second compound by 
A n) B fl m we have the law of multiple proportions, because for a given 
quantity of the first element, A,.„, thero occur quantities of the second 
element bearing the same ratio to each other as mr is to qn ; and 
as to, r, q, and n are whole numbers, their produots are also whole 
numbers, and this is expressed by the law of multiple proportion. 
Consequently the atomio theory is in accordance with and evokes the 
first laws of definite chemical compounds : the law of definite composi- 
tion and the law of multiple proportions. 

So, also, is the relation of the atomic theory to the third law of de- 
finite chemical compounds, the law of reciprocal combining weights, 
which is as follows : — If a certain weight of a substance C combine 
with a weight a of a substance A, and with a weight b of a substance 
B, then, also, tho substances A and B will combine together in quanti- 
ties a and b (or in multiples of them). This should be the case from 
the conception of atoms. Let A, B, and C be the weights of the atoms 
©E the three substances, and for simplicity of reasoning suppose that 
combination takes place between single atoms. It is evident that if 
the substance gives AC and BC, then tho substances A and B will 
give a compound AB, or their multiple, AnB,,,. And so it is in reality 
in nature. 

Sulphur combines with hydrogen and with .oxygen. Sulphuretted 
hydrogen contains thirty-two parts by weight of sulphur to two parts 
by weight of hydrogen ; this is expressed by the formula H 2 S. Sul- 
phur dioxide, S0 2 , contains thirty -two parts of sulphur and thirty-two 
parts of oxygen, and therefore we conolude, from the law of combining 
weights, that oxygen and hydrogen will combine in tho proportion of 
two parts of hydrogen and thirty-two parts of oxygen, or multiple 
numbors of them. And wo have seen this to be the case. Hydrogen 
peroxide contains thirty-two parts of oxygen, and water sixteen parts, 
to two parts of hydrogen ; and so it is in all other cases. This con- 
sequence of the atomic theory is in accordance with nature, with tho 
results of analysis, and is one of the most important laws of chemistry. 
It is a law, because it indicates the relation between the weights of 
substances entering into chemical combination. Further, it is aa 

number of straight linos. Thoro is a simplicity of representation, in atoms, but there la 
no absolute necessity to liavo recourse to them. Tho conception of the individuality of 
the parte of matter exhibited In ohomioal elements only is necessary and trustworthy. 
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eminently exacts law, and not an approximate one. The law of com* 
bining -weights is a law of nature, and by no means an hypothesis, for 
even if tho entire theory of atoms tx» refuted, still tin; laws of multiple 
proportions and of combining weight# will remain, inasmuch a® they 
deal with facts. They may bo guessed at from the sense of the atomic 
theory, and historically the law of combining weights to intimately 
connected with thin theory ; but they ore not identical, hut only 
oonneotod, with it. The law of combining weigh to to formulated with 
great ease, and is an immediate consequence of the atomic theory j 
without it, it is oven difficult to understand. Data for (to evolution 
existed previously, but it was not formulated until those data wore in- 
terpreted by tho atomic theory, an hypothesis which up to tho present 
time has contradicted neither experiment nor fact, ami to useful and 
of general application. Such to tho nature of hypotheses. They art 
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CHAPTER V 

NITROGEN AND AIR 

Gaseous nitrogen forms about four.fifths (by volume) of the atmo* 
sphere ; consequently the air contains an exceedingly large mass of it. 
Whilst entering in so considerable a quantity into the composition of 
air, nitrogen does not seem to play any active part in the atmosphere, 
the chemical action of which is mainly dependent on the oxygen it con- 
tains. But this is not an entirely oorreot idea, because animal life 
cannot exist in pure oxygen, in which animals pass into an abnormal 
state and dioj and the nitrogen of the air, although slowly, forms 
diverse compounds, many of whioh play a most important part in 
nature, especially in the life of organisms. However, neither plants * 
nor animals directly absorb the nitrogen of the air, but take it up 
from already prepared nitrogenous compounds ; further, plants are 
nourished by tho nitrogenous substances contained in the soil and 
water, and animals by the nitrogenous substances contained in plants 
and in other animals. Atmospherio electricity is capable of aiding the 
passage of gaseous nitrogen into nitrogenous compounds^ as we shall 
afterwards . see, and the resultant substances are carried to the soil 
by rain, where they serve for the nourishment of plants. Plentiful 
harvests, fine crops of hay, vigorous growth of trees — other conditions 
being equal — are only obtained when tho soil contains ready prepared 
nitrogenous compounds, consisting either of those' whioh ooour in air 
and water, or of tho residues of the decomposition of other plants or 
animals (as in manure). The nitrogenous substances contained in 
animals have their origin in those substances which are formed in 
plants. Thus the nitrogen of the atmosphere is the origin of all the 
nitrogenous substances occurring in animals and plants, although not 
directly so, but after first combining with the other elements of air. 

Tho nitrogenous compounds whioh enter into the composition of plants 
and animals aro of primary importance ; no vegetable or animal cell — that 
is, the elementary form of organism— exists without containing a nitro- 

» Bee Note 15 <*. 
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genous substance, and moreover organic life manifesto itself primarily 
in those nitrogenous substances. The germs, sends, and those parte by 
which cells multiply themselves, abound in nitrogenous aulmtanoos ; the 
rum total of the phenomena which are proper to organisms depend 
primarily on the chemical propertim of the* nitrogenous substances which 
enter into their composition. It will be sufficient, for instance, to point 
out the fact that vegetable and animal organisms, clearly distinguish* 
able os such, am characterised by a different, degree of energy in their 
nature, and at the same time by a difference it* the amount of nitro- 
genous substances they contain. In plants, which compared with 
r.nimals jawwosa but little activity, turing incapable of independent 
movement, <fco, f the amount of nitrogen is very much lew than 
in animals, whose tissues are almost exclusively formed of nitro- 
genous substances. It is remarkable that the nitrogenous parts of 
plants, chiefly of Urn lower orders, sometimes present Iwith forms and 

properties which approach to these* of animal organisms ; for example, 

the smosporew of seaweed**, or tho*** part* by means of which the latter 
multiply themselves. These xooeporea on leaving the seaweed in many 
respects resemble the lower orders of animal life, having, like the latter, 
the property of moving. They also approach the animal kingdom in 
their composition, their outer tmting containing nitrogenous matter. 
Directly the tompare become* covered with that non- nitrogenous or 
cellular coating which is proper to all the ordinary cells of plants, it 
loses all resemblance to an animal organism and ttecunte* a small plant. 
It may be thought from this that the cause* of the difference in thi 
vital processes of animals and plants is the different amount of nitroge- 
nous substances they contain. The nitrogenous eulwtanecs which occur 
in plants and animals appertain to a aeries of croTcdingly complex 
nnd very changeable chemical compound* ; their elementary composi- 
tion alone shows this ; besides nitrogen, they contain carbon, hydrogen, 
oxygon, and sulphur. Being distinguished by a very great instability 
under many conditions in which oilier compounds remain unchanged, 
these substance® are titled for those perpetual changes which form the 
first condition of vital activity. These complex and changeable nitro- 
genous Sttbitancfii df the organism are called pn*tm*i tmhskmem. The 
white of eggs is a familiar example of such a suhstan-’o. They are also 
contained in the flesh of animals, the eurcly element* of milk, the 
glutinous matter of wheaten flour, or so-called gluten, which forms the 
chief component of macaroni, k e. 

Nitrogen occurs in the earth's crust, in compounds either forming 
the remains of plants and animal*, or derived from the nitrogen of the 
atmosphere as a consequence of ite combination with the other com* 
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ponent parts of the air. It is not found in other forms in the earth's 
crust ; so that nitrogen must be considered, in contradistinction to 
oxygen, as an element which is purely superficial, and does not extend 
to the depths of the earth . 1 bU 

Nitrogen is liberate $ in a free state in the decomposition of the 
nitrogenous organic substances entering into the composition of 
organisms— for instance, on their combustion. All organio substanoes 
burn when heated to redness with oxygen (or substances readily yield- 
ing it, such as oxide of copper) ; the oxygen combines with the carbon, 
sulphur, and hydrogen, and the nitrogen is evolved in a free state, 
because at a high temperature it does not form any stable compound, 
but remains uncombined. Oarbonio anhydride and water are formed 
from the carbon and hydrogen respectively, and therefore to obtain pure 
nitrogen it is neoessary to remove the carbonio anhydride from the 
gaseous products obtained. This may be done very easily by the action 
of alkalis — for instance, caustio soda. The amount of nitrogen in 
organio substances is determined by a method founded on this. 

It is also very easy to obtain nitrogen from air, because oxygen 
combines with many substances. Either phosphorus or metallic copper 
is usually employed for removing the oxygen from air, but, naturally, 
A number of other substanoes may also be used. If a small saucer on 
.which a pieoe of phosphorus is laid be plaoed on a cork floating on 
water, and the phosphorus be lighted, and the whole covered with a 
glass bell jar, then the air under the jar will he deprived of its oxygen, 
and nitrogen only will remain, owiDg to which, on cooling, the water 
will rise to a certain extent ip the bell jar. The same object (procuring 
nitrogen from air) is attained much more conveniently and perfectly 
by passing air through a red-hot tube containing copper, filings. At a 
red heat, metallio copper combines with oxygen and gives a blaok 
powder of copper oxide If the layer of copper be sufficiently long and 
the current Of air slow, all the oxygen will bo absorbed, and nitrogen 
alone will pass from the tube . 8 

1 Tho reason why thoro oro no oihor nitrogQnous enhBtanoes within tho earth's 
maw beyond those whioh havo come there with tho romains ol organisms, and from tho 
air with rain-water, must be looked for in two ciroumstanoes. In the first plaoo, in the 
instability oi many nitrogenous compounds, which are liable to break up with tho forma* 
tion of gaseous nitrogen ; and in the seoond plaoe in the fact {hat tho salts of nittio acid, 
forming the product of the heiion of air on many nitrogenous and especially organio 
compounds, are very soluble in water, and on penetrating into tho depths of tho earth 
(with water) give u)p their oxygon. Tho result of tho ohongos of the nitrogenous organio 
frabstoncoa whiob fall into the earth is without doubt frequently, if not invariably, tho 
formation of gaseous nitrogen. Thus tho gas evolved from ooal always contains much 
nitrogen (together with marsh gau, carbonio anhydride, and other gases). 

* Copper (best as turnings, which present a largo suriftoe) absorbs oxygen, forming 
CuO.at tho ordinary temperature in the presence of solutions of acids, or, better still, in 
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Nitrogen may also be procured from many of it.s compounds until 
oxygen * and hydrogen , 4 but the best fitted for this purpose is a saline 
mixture containing, on the one hand, a compound of nitrogen with 
oxygen, termed nitrous anhydride, N 2 0 3 , and on the other hand, 
ammonia, NH 3 — that is, a compound of nitrogen with hydrogen. By 
heating such a mixture, the oxygen of the nitrous anhydride combines 
with the hydrogen of the ammonia, forming water, and gaseous nitrogen 
is evolved, 2NH 3 + N 2 0 3 ==3H 2 0 +N 4 . Nitrogen is procured by 
this, method in the following manner : — A solution of caustic potash is 
saturated with nitrous anhydride, by which means potassium nitrite is 
formed. On the other hand, a solution of hydrochloric acid saturated 
with ammonia is prepared ; a saline substance called sal-ammoniac, 
NH 4 C1, is thus formed in the solution. The two solutions thus pre* 
pared are mixed together and heated. Beaction takes place according 
to the equation ELNOj + NH 4 C1 = KC1 + 2H 2 0 -f N 2 . This reaction 
proceeds in virtue of the fact that potassium nitrite and ammonium 
chloride are salts which, on interchanging their metals, give potassium 
chloride and ammonium nitrite, NH 4 N0 2 , which breaks up into water 
and nitrogen. This reaction does not take place without the aid of 
heat, but it proceeds very easily at a moderate temperature. Of the 
resultant substances, the nitrogen only is gaseous. Pure nitrogen may 
be obtained by drying the resultant gas and passing it through a solu- 
tion of sulphuric acid (to absorb a certain quantity of ammonia which 
is evolved in the reaction). 4 bU 


the presence of a solution of ammonia, when it forms a bluish-violet solution of oxide 
of copper in ammonia. Nitrogen is very easily procured by this method. A flask filled 
with copper turnings is closed with a cork furnished with a funnel .and stopcock. A 
solution of ammonia is poured into the funnel, and caused to drop slowly upon the 
copper If at the same time a current of air be slowly passed through the flask (from a 
gasholder), then all the oxygen will be absorbed from it and the nitrogen will pass from 
the flask. It should be washed with water to retain any ammonia that may be carried 
off with it 

* The oxygen compounds of nitrogen (for example, N a O, NO, NO a ) are decomposed 
at a red heat by themselves, and under the action of red-hot copper, iron, sodium, &c., 
they give up their oxygen to the metals, leaving the nitrogen free. According to Meyer 
and Langer (1885), nitrous oxide, 'NjO, decomposes below 900°, although not completely. 

* Chlorine and bromine (in excess), as well as bleaching powder (hypochlorites), take 
up the hydrogen from ammonia, NHj; leaving nitrogen. Nitrogen is best procured from 
ammonia by the action of a solution of sodium bypobromite on solid sal-ammoniac. 

* Lord Rayleigh in 1894, when determining the weight of a volume of carefully 
purified nitrogen by weighing it in one and the same globe, found that the gas obtained 
feom air, by the action of incandescent copper (or iron or by removing the oxygen by 

oxide) was always yjg heavier than the nitrogen obtained from its compounds, 

imrtance, from the oxide or suboxide of nitrogen, decomposed by incandescent pul- 
TOrateit iron or from the ammonia salt of nitrous acid. For the nitrogen procured from 
air, be obtained, at 0° and 760-4 mm. pressure, a weight « 2-810 grms., while for the 
Mkogea obtained from its compounds, 2-299 grms. This difference of about could 
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Nitrogen is a gaseous substance -which does not differ much in 
physical properties from air ; its density, referred to hydrogen, is 
approximately equal to 14— that is, it is slightly lighter than air, its 
density referred to air being 0-972 ; one litre of nitrogen weighs 1*257 
gram. Nitrogen mixed with oxygen, which is slightly heavier than 
air, forms air. It is a gas which, like oxygen and hydrogen, is 
liquefied with difficulty, and is but little soluble in water and other 
liquids. Its absolute boiling point 9 is about — 140°" ; above this 
temperature it is not liquefiable by pressure, and at lower tempera- 
tures it remains a gas at a pressure of 50 atmospheres. Liquid 
nitrogen boils at — 193°, so 'that it may be employed as a source of 
great cold. At about — 203°, in vaporising under a deorease of pres- 
sure, nitrogen solidifies into a colourless snow-like mass. Nitrogen 
does not bum, 9 bU does not support oombustion, is not absorbed by any 
of the reagents used in gas analysis, at least at the ordinary tempera- 
ture— in a word, it presents a whole series of negative chemical 
properties ; this is expressed by saying that this element has no energy 
for combination. Although it is capable of forming compounds both 
with oxygen and hydrogen as well as with carbon, yet these com- 
pounds aro only formed under, particular oircumstances, to which we 
will directly turn our attention. At a red heat nitrogen combines 
with boron, titanium, and silicon, barium, magnesium, &a, forming 
very stablo nitrogenous compounds, 0 whoso properties are entirely 
difforont from those -of nitrogen with hydrogen, oxygen and carbon. 
However, tho combination of nitrogen with carbon, although it does 
not take place diroatly between the elements at a red heat, yet prooeeda 
with comparative ease by heating a mixture of charcoal with an 
alkaline carbonate, especially potassium carbonate or barium carbonate, 

not bo explained by the nitrogen not having been well purified, or by inaoouraoy ot ex- 
periment, and -was tho means (or tho remarkable discovery of the prosenco of a heavy 
gas in air, which will bo mentioned in Note 10 6U . 

8 8oo Chapter II. Note 20, 

« »u Beo Note 11 

0 Tho combination ot boron with nitrogen is accompanlod by tho ovolution o! suffi- 
cient heat to raise the mans to redness ; titanium combine*) ao easily with nitrogen that it 
id difficult to obtain it free from that element ; magnesium easily absorbs nitrogen at * 
red heat. It is a remarkable and instructive fact that those compounds of nitrogen are 
very stable and non-volatile. Carbon (O « 12) with nitrogen gives cyanogen, C 3 N a , wliioh 
is gaseous and very unstable, and whoso molooulo Is not largo, whilst boron (B^ll) 
forms a nitrogenous compound which is solid, non-volatile, and very stablo. Its compo- 
sition, BN, is similar to that of cyanogen, hut its molecular weight, B n Nn, is 
probably greater. Its composition, liko that of N a Mgj, NNaj, NjHgg and of many of 
the metallic nitrides, corresponds to ammonia with the substitution of all its bydrogort 
by a metal, In my opinion, a detailed study of the transformations of tho nitrides now; 
known, should lead to the discovery of many facts in the hjstory of nitrogen. 


to redness, cArbo*nttridwi or offtnid®® of the motels being formed ; for 
Instance, K a CO| 4- 40 + Ns ** 2K.CN + 3CO. T 

Nitrogen In found with oxygen In the air, but they do not readily 
combine, Cavendish, however, In the lut century, ehowed that 
nitrogen combine® with mygm under the infumon of a mrm tf el ctrio 
spark®, Electric aparkti in passing through a nmist* 3 mixture of nitro- 
gen and oxygen cause these elements to combine, Conning reddish* 
brown fumea of oxides of nitrogen, 5 which form nitric ftdd, ,a NfiO$" 
The presence of the latter is easily recognised, not only from its 
reddening litmus pajxsr, but also from it# acting m o powerful oxidbor 
©von of mercury. Conditions similar to these occur in nature, during a 

» Thje rescUcm, «o far na la known, d««ss» «t>i preoeed toyund * mridn limit, probably 
because oytuitigen, CN, Itself breaks up l»to rartwm and nitrefua. 

* Frimy and Baequerel took dry air, m& observed tto formattoi of brown vapours e# 

r oxides of nitrogen on the powume t»f spar to. 

* If a mixture of one volume of nitrogen and fourteen v*4«m»* «4 hydrogen to torn), 
than water and n eonaidwrahlu Quantity of nUrta <w4d »»« formed. it may b» portly due 
to this that ft certain Quantity of nitrio arid fa predniwd in tto slow ««t4«tf<« *4 nittVK, 

;';| gamma substances in an exosss of air. Tbl* l« wep«n«lly feeihutod hy tto pre*ciH» ol 

tm alkali with which the Mirk »W farm**! «« combine. If a goteonta currant to pmmS, 
through water containing the nitrogen and oxygen of the air in wdutton, tton tto hydro* 

:j geu and oxygen set fnw combine with the Mtregea, forming otmimni* and nlirfc ael 4. 

f 'When supper l« oxldlaed at tto e* pause of the Mr at tto ordinary temperature In the 

,! pret»w of ammonia, oxygen t# absorbed, not only for e**mhm*Ma«i with tto copper, hut 

ftleo for the femnotten of alferl© add. 

Titti combination of nitrogen with oxygen, even, few ««rk hy lh# action of electric 
sparks, l# not mwsmpanied by an explosion cur rapid rembtoU-u*, m in tto o«lto» of it 
spwrk on a mixture of oxygtm and hydrefun. This l» explained hy tto fact that tost fa 
4 not evolved in dm ewnMnatlou of nitrogen with oxygon, hot t* otaurtod— *n expenditure 

ijj of energy la required, there la no evolution of energy. In fewt, there will not to tto 

| transmission of heat from particle to particle which oreura In tto *»xj»hwi<*n »4 dete* 

% nating gas. Eooh wp»rk will aid tto formation of a certain quantity «»f tto e.mpautol 

4 of oxygen and nitrogen, but will nut exrite lb# wwtm in »h» nulghtemring }*rii«d«a, In 

other word#, tto combination of hydrogen with oxygen U m »x«ttomwf reaeUuii, wtfl 
| tlm combination of nitrogen with oxygen an undottom*! re«b««s». 

I A condition partteulftrly htvottnddu fear tto o*i«UU«H of »itr«»«»n i» tl*« Mploainn *4 

detonating gan toad sit U tlio femer to in «mm. If » mixture *4 two v«dumw» *4 
| dutoftllng p« tend emu volume of air to *«pfe4#4 tfum c*n«»tentl« >4 ito »ir in mmmtUA 

■j into nitrio twid, uud <»M«fU«lly aftw tha wxpMm tow Ukwt \Am* tbwre r*tr»in 

4 ulau-tenttia of tto volumo of air orffteeity tnkra. If ft top® preja rti-m *4 dr to teton— 

■j Id* lnttetmo, tour voIujmd «4 dr fe) two velttnxai of eto towt i a g g*w—tton ttoa tewpsr*, 

4 turn of thft ustplettoft te lowed, Ito volnmo nf Mr takan rowama tmi hawged, and no 

ritrie eold Is foxmtrd, Shhi given u rule te to oba«fv«4 in waking um «4 tto «»dte» 

| moter—tiftwudy ttot to week*# tto torn of tto exptoton red baa (ton m equal v. lwsu,» 

j .] 'o! air should to ftddud to the oxptaitv# mixture, On tto othnr tond «, t«rg«» «»xre-»« wi»* 

;] not be token as no uxplouten would tton «m»on {#« Chapter III. htute ntp I*n»Uldy te 

| the Juturo means will to found for obtolntoji oowpmwtdii *4 wt » krg« tototlrkd 

I softie by the aid of rieetrie disehargoe, and by maktef «#» of tto loextouctibfe mmw of 

1 nitrogen In the atmouphore. 

I 10 Ik reality nitric oxide, NO, is tout formed, but with m&gm u»d wnktr it gfm- 

j (brown fumes) riferao* anhydride, which, « « w» «toti Mtewurd# i^rw, to tins pre««u«# «4 

I water and oxygen give* nitrio aoW. 
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thunderstorm or in other 1 electrical discharges which take place in the 
atmosphere ; whence it may be taken for granted that air and rain-water 
always contain traces of nitric and nitrous acids. 11 Besides which 
Crookes (1892) showed that under certain circumstances and when 
eleotrioity of high potential 1 1 bU passes through the air, the com- 
bination of nitrogen with oxygen is accompanied by the formation of 
a true flame. This was also observed previously (1880) during the 
passage of electrioal discharges through the air. 

Further observations showed that under the influence of electrical 
discharges, 13 silent as well as with sparks, nitrogen is able to enter into 
many reactions with hydrogen and with many hydrocarbons ; although, 
these reactions cannot be effected by exposure to a red- heat. Thus, 
for instance, a series of electric sparks passed through a mixture of 
nitrogen and hydrogen causes them to oombine and form ammonia 13 
or nitrogen hydride, 3STH 3 , composed of one volume of nitrogen and 
three volumes of hydrogen. This combination is limited to the forma- 
tion of 6 per cent, of ammonia, because ammonia is decomposed, 
although not entirely by electric sparks. This signifies that under 
the influence of an electrical discharge the reaction NH 3 = N + 3H 
is revorsiblo, consequently it is a dissociation, and in it a state of 
equilibrium is arrived at. The equilibrium may be destroyed by the 
addition of. gaseous hydrochlorio aoid, HOI, because with ammonia it 
forms a solid saline compound, sal-ammoniao, NH 4 C1, which (being 
formed from a gaseous mixture of 3H, 1ST, and HOI) fixes the ammonia. 
Tho remaining mass of nitrogen and hydrogen,, under the action of the 

u Tho nitric add contained In the soil, river water (Chapter I,, Note 2), wells, <fco., 
prooeeda (like oarbonlo anhydride) from tho oxidation of organlo compounds which have 
fallen Into water, soil, &o. 

u iji* Grookos employed a ourrent of 15 ampfcres and 05 volts, and passed it through 
an Induotlon ooll with 880 vibrations per second, and obtained a flame between the poles 
placed at a dlstanoo of id mm. whlob after tho appearanoe of the aro and flame oould 
bo inoroasod to 200 mm. A platinum wire fused in tho flame. 

i* This proporty of nitrogen, which under normal conditions is Inactive, leads to tho 
Idea that under tho influonoo of an olootrlo discharge gasoous nitrogon okanges in its 
proportion ; if not permanently lilco oxygon (olootrolysod oxygon or ozono doos not react 
on nitrogen, aoaording to Borlliolot), it may ho temporarily at tho moment of tho aotiou 
of tho diaoliargo, just as somo substancas under tho action of lioat aro permanently 
affected (that Is, when oivoo cliangod romain so— for instance, wliito phosphorus passed 
Into rod, &o.), whilst otliors aro only temporarily altorod (the dissociation of S 0 into S» 
or of sal-ammoniac into ammonia and hydroolflorlo acid). Suoli a proposition is favoured' 
by the faot that nitrogen gives two kinds of Bpootra, with which wo shall afterwards 
become acquainted. It may bo that tho moloouloB N 3 thon give Iobs oomplox mofeoules,. 
N containing ono atom, or form a oomplox molooulo Ng, like oxygen In passing Into 
ozono, Probably under a sllont dlsoliargo tho molooulos of oxygen, Oj, are partly decom- 
posed and tlio Individual atoms 0 oombino with 0 3 , forming ozono, Og. 

18 This reaction, discovered by Ohabrio and Investigated by Th^nard, was only rightly 
understood when Dovillo applied the principles of dissociation to it. 
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spark#, again forma ammonia, and In this man nor miid ml-ctmmmiao 
is obtained to Ihe end by the action of a mrm qf dmtrio tyxidhr cm a 
mixture qf ynmtun N, H Sl and HC1. 14 Borthelofe (IB76) showed that 
under the action of a silent discharge many non«nitrogonou» organ lo 
aubfitanoea (benRone, 0 fl E C 6l cellulose in the form of paper, renin, 
gluooio, O e H l0 O g , and others) absorb nitrogen and form complex 
nitrogenous compounds, which are capable, like albuminous «ub- 
etanooi, of evolving their nitrogen as ammonia when heated with 
alkalis. 1 * 

By suoh indirect method# does the gateoui nitrogen of the atmo- 
sphere yield its primary compound#, in which form it enters into 
plants, and ia elaborated in them into complex albuminous uub- 
Btoneea' 8 w # But, starting from a given compound of nitrogen with 


14 The action of nlteagw m acetylene (Iterttotot) nwatiuhle# this reantkm. A mis turn 
el these gases under Uu* Influence of a altenl dtoeharge givwt hyftrweyiMtle a*M, 0 # H # 4 N* 
/*I0NIL Thin mellow cannot proceed toyood a esrWit Umll toeauea it It rweiratbl*. 

14 R«rih*tot nmweafully employed electricity el m teebte poteatW it, tte#« *xp*j. 
amts, which fact led bits to think that to nature, where the action el e}*oirtoJty takes 
pke* very frequently, a part el the complex nJtrogeootM tmtoteneea my proceed iron 
the pseeua nitrogen of the etr by Una method. 

As the niiropaea* substance# of etganisms play a wry Important port in than 
(organic life cannot exist without them), and m the nitregeatms swtomnee# Introduced 
Into the soil are capable el invigorating He map* (of team la the pnumnee of the 
other nourishing prtoeipl®# required by plant*), the qnentten »f the means at emmrttaq 
the shwnsphwte nitrogen Into the nitrogenous compounds of the toll* at into mtimiUbk 
nitroom capable of being absorbed by plants end of forming twrnpl#* (ttibmnlnmwi) 
wtotiwoe# In them, is one of great theoretical and practical Internet. The art* lick, l 
(technical) conversion of the atmospheric nitrogen tote nlfcropswm# compound*, not* 
withstanding repeated attempts, cannot yet to «m«ltorwl m faWUed In a pr«rt}eal 
remunerative manner although fte possibility (a already evident. Electricity will 
probably aid In solving this very Imp, riant praelleai problem, When the theoretic*! 
<*M« of the question Is further advanced, then without doubt an advantageous means 
will to found for the manufacture of nitrogenous wtotwoca brow the nJtesqpn of the 
«tr { and this is needed, tofom All, few the tMjrteoUurliii, to whom nitrogenous terttttewa 
form an expansive item, and am mere important than ah trttor manures. 

One thousand teas of farmyard manure da net generally non tain mm than tear tea# 
et nitrogen to the fern of wa®l#* nitrogenous sutoteto**, and this amount of nitrogen 
Is contained to twenty tens of ammonium sulphate, thwart the nffeet «r a mass at 
farmyard manure to iwpeot to tto introduction of nlto^w may to p rodtwd by small 
quantities ot : artificial nfteog«Km» fertilisers (m Note II top 

** to Although the numerous, and as tor as parofblta mmmtti and varied wwsrolm 
made to the physiology of plants hav# proved that the higher terms of plant* aw net 
enpahle of directly absorbing the niteepn of ttut atm«ptoro and wmverttog It tote mmtptm 
albuminous rototiwma, still it ha# torn tang and wpmbtdlty ,tow>4 that th* ammst 
of nitrogetums suhstaneen to ths sofi Is to,-«?assd by thr mWmWim at plants of tto 
toaa (leguminous) family eneh as pea, aeada. tea A etasw study of th«M plants has 
mm that this to connected with the faramttan of pesaltor nodular awfelJings to ttol» 
Ktote oattsod by the growth of ptwaliar mlertHm^da«*(t^teria) wfrnh cohabit the noQ 
the root*, and are eapable of ab#«>Wnf nitrogen from the rdr, U. ef oonvortinf ft 
into assimilated nitrogen. This branch of plant phyaiotefy, which term# anottor proof 
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hydrogen or oxygen, we may, without the aid of organisms, obtaiA, as 
will afterwards be partially indicated, most diverse and complex 
nitrogenous substances, which cannot by any means be formed directly 
from gaseous nitrogen. In this we see an example not only of the 
difference between an element in the free state and an intrinsic elemeD^ 
but also of those circuitous or indirect methods by which substances 
are formed in nature. The discovery, prognostication, and, in general, 
the study of such indirect methods of the preparation and formation of 
substances forms one of the existing problems of chemistry. From the 
fact that A does not aot at all on B, it must not be concluded that a 
compound AB is not to be formed. The substances A and B contain 
atoms which occur in AB, but their state or the nature of their motion 
may not be at. all that which is required for the formation of AB, 
and in this substance the chemical state of the elements may be as 
different as the state of the atoms of oxygen in ozone and in water. 
Thus free nitrogen is inactive ; but in its compounds it very easily 
enters into changes and is distinguished by great activity. An acquaint- 
ance with the compounds of nitrogen confirms this. But, before 
entering on this subject, lot us consider air as 'a mass containing free 
nitrogen. 

Judging from wliat has been already stated, it will be evident that 
atmospheric air 16 contains a mixture of several gases and vapours. 
Some of them are met with in it in nearly constant proportions, whilst 
others, on the contrary, are very variable in their amount. The chief 

Cji tbo important part played by mioro-organisma in nature, cannot bo discussed in 
ibis work, but it should bo mentioned, Binoo it is of great theoretical and practical' 
interest, and, moreover, phenomena of this kind, which have recently been discovered, 
promise to explain, to some extent at least, certain' of the complex problems concerning 
■ the development of life on the earth. 

10 Under the name of atmospherio air the chemist and physicist understand ordinary 
. air containing nitrogen and oxygen only, ‘notwithstanding that the other component parts 
of aiif havo a very important'lnfluonoQ on the living matter of the earth's surface. That 
air is so represented in soionco is basod on tho fact that only the two components abovo- 
naraod aro mot with in air in a constant quantity, whilst tho othors are variable, Tho 
solid Impurilioa may bo separated from air required for cliomioal or physical research 
by simple filtration through a long layer of cotton-wool plaood In a tubo. Organic im- 
purities are removed by passing tho air through a solution of potassium pormanganato. 
Tho oarbonio anhydrldo contained In air is absorbod by alkalis— boot of all, soda-limo, 
which in a dry state in porous lumps absorbs it with exceeding rapidity and complete- 
ness. Aqueous vapour is removed by passing tho air ovor calcium chloride, strong sul- 
' r phurio add, or phosphoric anhydrido. Air thus purified is accepted as containing only 
nitrogen and oxygen, although in reality it still contains a oortain quantity of hydrogen 
, and hydrocarbons, from whioh it may ho purified by ponding ovor copper oxide heated to 
redness, Tho copper oxide thon oxidises tho hydrogen and hydrocarbons — it burns them, 
forming water and oarhtmlo anhydrido, whioh may be romovod as above described. When 
it is said that in tho determination of tho density of gases the weight of air is taken &9 
\ Unity, it is understood to bo such air, containing only nitrogen and oxygen. 



•! :j component part® of dr, placed to III© order of Ihdr relative amount*, 

;! ;1 are the following; nitrogen, 10 ^ oxygen, aqueous vapour, c&rbuata 

;! | anhydride, nitric add, salt® of ammonia, oxide# of nltrctyen, and dsn 

■} A o«ono, hydrogen peroxide, and complex organic nltropncmi gukwtanoiis,- 

' , !j Besides these, air generally contains water, m spray, drops, and snow, 

| and particles of aoUdu, perhaps of ©otmta origin In certain instanee% 

:j but In Hu* majority of mmm proceeding frmn Hu* mechanical translation 

; : \ of solid particle* from mm locality to another by the wind, Thaw email 

:| eolid and liquid particle* (having a largo surfaw in proportion to thdr 

weight) are susjttmded in air at solid matter 1« suspended In turbid water ; 
they often settle on the surface at the earth, hut Hu* air in never entirely 
, ttm from them beeaute they are never in a state «4 complete rest, 

i ;) ,i- Then, air not unfraquontly contains Incidental traces of various sub* 

j i|;l ctanoea as ©vtryooo knows by experience. Thee© incidental Mibstmiree 

|' ii| fiometlituta belong to the order of those which not injorhmriy, the germ* 

I 1 i|.i of lower orgealatt»-~fai > Inutatvco of moulds-* and the ©but# of ©arriere 

I 4. of infectious dlseaeea, 

j 1] In th§ air of the varioua countries of the awrtb, at different longi* 

! I j tudau and at diffluent altitudes above its gorfeas, cm tbn «©«« or m the 

: 4l dry land -In a word, la thi air of most diver* localities of the earth"'- 

■ ; the ©xypn and nitcoptv am found every where to ho- in a ©nnsdant ratio, 

; j! This to, moreover, eHf-evidtmt from the fact 'that the air constantly 

| ), j, dibits (intermixes by virtue of the internal motion of the gomtm 
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the surface of Standing water, whioh abounds in the lower orders of 
plant life evolving oxygen, contains an excess of this gas . 17 The 
constant composition of air over the whole surface of the earth has 
been proved by a number of most careful researches . 18 

The analysis of air is effected by converting the oxygen into a non- 
gaseous compound, so as to separate it from the air. The original 

17 As a further proof of the fact that certain circumstances may change the com* 
position of air, it will ho enough to point out that the air contained in. the cavities of' 
glaoiors contains only up .to 10 p.o. of oxygen. Tins depends on the fact that at low 
tomporaturoa oxygon is muoli more soluble in snow-water and snow than. nitrogen. When 
shalcon up with water the composition of air should ohange, because the water dissolves 
unequal quantities of oxygon and nitrogen. Wo have already soon (Chapter I.) that 
the air boiled oil from water saturated at about 0° contains about, thirty-five volumes 
of oxygen and sixty-five volumes of nitrogen, and wo have considered the reason of 
this. 

18 Tho analysis of air by weight oonduotod by Dumas and Boussingault In Paris, 
which thoy repeated many times between April 27 and Soptombor 22, 1841, under various 
conditions of weather, showed that the amount by weight of oxygon only varies between 
22 - 89 p.o. and 28'08 p.o., tho average amount being 28'07 p.o. Bruunor, at Bern in 
Switzerland, and Brnvais, at-Paulhorn in tho Bomoso AlpB,at a hoight of two kilometres 
abovo tho level of tho eoa, Marigqao at Gonova, Lowy at Copenhagen, and Stas at 
Brussols, have analysed tho air by tho samo methods, and found that its composition 
does not exceed tho limits determined for Paris. Tho most recent determinations (with 
an aoournoy of iO'OC p.o.) confirm tho conclusion that tho composition of tho atmosphere 
is constant. 

As there aro eomo grounds (which will bd montionod shortly) for considering that tho 
composition of 'the air at groat altitudes 'is slightly different from that at attainable 
hoightB— namoly, that it Is riohor in tho liglitor nitrogon— savoral fragmentary observations 
inado at Munich (Jolly, 1880) gave reason for thinking that in tho upward currents (that is 
in tho rogion of minimum baromotrio pressure or at tho oontros of motoorologioal oyolonos) 
tho air is richer in oxygen than in the defending ourronts of air (in tho rogions of anti- 
oyolonos or of barometric maxima) ; but more carofully oonduotod observations showed 
tills supposition to bo Incorrect. Improvod methods for the analysis of air have shown 
that oertaln slight variations In its composition do actUolly.ooour, but in tho first plaoe 
they depend on Incidental local influences (on the 1 passage of tho air over mountains 
and largo surfaces of water, regions of forest and herbage, and tho like), and in the 
seoond place are limited to quantities whioh are soarooly distinguishable from possible 
errors in tho analyses. Tho researches made by Itroislor in Germany (1880) aro par- 
ticularly convincing. 

Tho considerations whioh load to tho supposition that the atmosphere at groat alti- 
tudes contains loss oxygon than at tho.sarfaco of tho earth avo basod on tho law of par- 
tial pressures (Chapter L) According to this law, tho equilibrium of tho oxygon in 
tho strata of tho atmosphoro Is not dopondent on tho equilibrium of tho nitrogon, and 
tho variation In the donsitlos of both gases with tho hoight Isfdotormlnod by tho pressure 
of eaoh gas separately. Details of tlio calculations and considerations hero involved 
are contained in my work On JJarometrio Levellings, 1870, p. 48. 

On the basis of tho law of partial pressure and of hypaomotrloal formula), expressing 
tho laws of tho variation of pressures at difforont altltudos, tho conclusion maybe doduood 
that at tho upper strata of tho atmosphere tho proportion of tho nitrogon with rospeot 
to tho oxygon Increases, but tho inoroaso will not oxcoed a fraotlon per oont., even at 
cdtitudos of four aud a half to six mlloe, tho greatest height within tho roach of men 
either by olimbing mountains or by means of. balloons. This conclusion fs confirmed by 
the analyses of air collected by Welch in England daring bis atironautlo ascents. 
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velum® of th© air b? flrti measured, fund then the volume of the re. 
miining nitrogen* The quantity of oxygen la calculated either f nm 
the difference between the*® volumes c*r by the weight of the oxygen 
compound formed. All the volumetric iimnmto remen t« have to be 
corrected for pressure, temperature, end moisture (ChajHere I. and U.) 
The medium employed for converting the oxygen into a imir gaseous 
substance should enable it to bo taken up from the nitrogen to the 
very end without evolving my gaseous substance. Ho, for initAnce,' 9 
a mixture of pyrogaliol, 0 # H # 0*, with a Solution of a caustic alkali 
absorbs oxygon with great mm at the ordinary temperature (the 
solution turns black), but it is unxuitod for area rate analysis because it 
requires an aqueous solution of an alkali, and it altera the composition 
of the air by acting on it as a solvent.** However, for approximate 
dtkwniaafcloni this simple method gives retail* which are entirely 
oatkfaotory. 

The doforalnafelooa in a eediomttor (Chapter III.) give more exact 
results, if all the nwmmry corrections for change* of preeture, fompem* 
tore, and moisture be taken Info amnmi. This d#t«rt»inati«ri u 
carried out essaotkUy at follows A certain amount of air it intro* 
duecd into the eudiometer, and its volume i» determined, About an 
©qua! volume of dry hydrogen is then passed into the eudiometer, and 
the volume again determined. Th© mixture is then ex|4oded, In the 
way diseribtd for the domination of the oocnpoeitkm of water. The 
remaining volume of the gaseous mixture is again measured ; it will be 
lets than the second of the previously measured volunnw. Out of three 
volumes which have disappeared, one belonged to the oxygen and two 
to the hydrogen, consequently one-third of the foes of volume Indimtm 
the amount of oxygen contained in the air. 1 * 

Tins most complete method for the anidysii of dir, and turn which li 

w Tto eoaa^ltk &bf«»rpU«n *4 ito mypm way to by Mmv&mkig mato pli®#* 

ptoro# teto a Matt© vi4tt«*« vt »fr i tbs nmmmm rtf 04* it rw#$ ttfa«4 by tto fast trf 
the |>to»ptu*rw» tosimtag nombnateetM bt tto itok, Tto immI «# mmy to 

totomtoto by mmmxkg tto vetema el »il»p» rwtoiiiig, Tto# MattM* iwmmwn 
©•aaat five Mwrxto swabs, wrtag to a port km ef tto tobf StototoMt to tto water, 
t© the eembtetitten ©t tew* «t tto witfe mf$m and to tto of tetei* 

dtotof and ittMg tto jptosjhenw, wWste isutaet to MKMmlMtoS wHtoet 
fatrootofaf bubble# ©t tor, 

w Fur rajiid wad apjtcjEtiwte (tsatotoU *©4 Itfgtoto), tmk a wtotsre fa 

vwy suitable far detewlafaf A© mn© of mf§m t» (stator©*# rtf §*#•« tmm wbteb 
w® wtotsecw atoettod to #ttoUs have fttti tot* tMNerei. A#mt4i$*g to ewrtote «b* 
servers, thfa mixture tvclvw a wsrt&ia (w»ab) <psn*ittf ef iwrtoafa «*$#» eftor ©tosrbtiig 


Sl Dvtwla of sudlomtortod ©udysfa tenet, m »m 
to loeW tm te work* tm wyayttoi ahw&fafcv 

©wdytiea mettoifa »#»tfao«d fa tbf# work. 
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''accompanied 'by the least amount of error, consists in the direct 'weigh- 
ing, as far as is possible, of the oxygen, nitrogen, -water, and carbonio 
anhydride contained - in it. For this purpose the air is first passed 
through an apparatus for retaining the moisture and carbonic anhy- 
dride (which will be considered presently), and is then led through 
a tube which contains shavings of metallic copper and has been pre- 
viously weighed. A long layer of such copper heated to redness absorbs 
all the oxygen from tho air, and leaves pure nitrogen, whoso weight must 
be determined. This is done by collecting it in a weighed and ex- 



Fio. 38. — Dumas and IJoussIngauH's apparatus for the analysis of air by weight, The globe B con- 
tains 10-18 litres. The air la first pumped out of It, and It Is weighed empty. The tube T oou- 
nee ted, with It 1« filled with copper, and Is weighed empty of ale. It Is heated In a charcoal furnace. 
When the oonper has become rod-hot, tha stopcock r (near It) Is slightly opened, and the air 
barns through the veeaela L, containing a solution of potash, r, containing solutions and pieces 
of oaustto potash, wldoh remove tho oarhouJo anhydride from the atr, and then through o and t, 
containing sulphurlo add (which lies been previously boiled to expel dissolved air) and pumice- 
stone, which removes the mohrturo from the atr. The pure atr then gives up Its oxygen to the 
copper In T, When the air passes Into T the stopcock It of tho globe B is opened, and it becomes 
filled with nitrogen. When the air ceases to flow In, the stopcocks are closed, and the globe » 
and tube T weighed. Tho nitrogen U then pumped out of the tube and It Is weighed again. 
The Increase lu weight of tho tube shows tho amount of oxygen, and the difference ot the second 
and third weighings of tho tube, with tho Increase In weight of the globe, gives the weight of 
tho nitrogen. 

haustod globe, while tlio amount by weight of oxygen is shown by tho 
incroaso in weight of tho tube with the copper aftor the experiment. 
Air free from moisture and carbonic anhydride 83 contains 20 - 95 to 


M Atr free from carbonic anhydride indicates after explosion tho presence of a email 
quantity of carbonic anhydride; as Do Saussura remarked, and air free from molstwd, 
after being passed over rod-hot copper oxiilo, appears invariably to eon tain a email 
quantity of wator, us Boussingault lias observed. These observations lead to tho 
assumption that air always contains a certain quantity of gaseous hydroear bon a, like 
marsh gas, which, as we shall afterwards learn, is evolved from the earth, inarahee.-dio. 
Its amount, however, does not exceed a few hundredths per cent. 



UPW. 89 .—AW*r*t»* her lit® atMerpUan wtA 
washing '*{ §mw, kwnva a* |A*Wg*(t 
tistltm, fltt> $m enter* m, prawn mi the 

tiwarettw » tttjsM, awf iwm tram m l»w 

k t, /, and * MnWWttHV^t MMl tmmpM 
liutlUgll/ 
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m i% »*-■) }■•'**" » *» i* **»»•» 

Ia tt» !<ixt I. .1?*.*, *»>:<*» lives rai5< .»!. «,n*‘5?< 
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T3w ln»Bl N!H .»»» »»f*e|f*4 In * f»l«***le. •« 
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that it# composition varies under diflerent condition* nmUrmst the 
truth of thia conclusion, anti therefore the eomUnry of lie* composition 
of air muMt not bo considered m in any way dej*©ndrnt *»u the nature 
of the gaaca entering into its composition, but only us proceeding frnia 
coamlo phenomena co-operating toward* this constancy. It must 
admitted, therefore, that the proeoaaen evolving oxygen, end chiefly the 
prooeaaca of the reapiration of plants, ar« of o«juai force with those 
proooiiSM which absorb oxygen over the entire surface of the earth.*' 

89 The MudfW fl( atr ar# areawtpAwast by arret*. *«»4 ih*>»® at* v»»»aU*m« of r»m> 

d tioa attaining hmitiwitha p»r cant t fh* twrmd *(r I* ttwre- 

©aly ewwt to the Hint decimal |*W, 

H Wmisii figure# «tpt« the mean * f «lr from *u **vt*$« »f the m**t 

fteemt# dateminatitmsi } they are accurst** within *e«s p* 

* 1ft Chapter XXL, Nat# *, an nguntlwtU nWrC** i* »«4» f**r tl»« 4*tarwln»ti«m 
©I the baluno© of vxfttm bt th# nUi« attwMphtft* ; it vmy ih*rpf«u> tw ®»j>j«-w 4 that the 
©©mimitton et sit will ?ary tram time to time, the relate* Usops^ v*g»t«th»«t Met Urn 
©*ygen fthwrttfnn yfmmmm t4\ang*» } hat ** the »U»<Mifih»re «4 the earth can tw*% 
have a definite limit iui«t w® hare ab*»4y mm (t’|»a{*t»r IV, N«U» S3) that there are 
©bservaUtm# cun firm Ins? thin, it fellow* that s«r atmosphere *h«ul4 fu it* *•»«* 
J»©n«ttt part# with the entire heavenly ffwiee, and therefore if tna*t W »ap|w*»4 that 
a»y variation In the compcwilhm hy weight of the air mm mlf late eawwlrntfly 
elowly, and la a matmar fmpereeptiWe by mcparhaetit. 
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Air always contains more or less moisture se and carbonic anhydride 
produced by the respiration of animals and tho combustion of carbon 
and carboniferous compounds. The latter shows the properties of an 
acid anhydride. In order to determine the amount of carbonio anhy- 
dride in air, substances are employed which absorb it — namely, alkalis 
either in solution or solid. A solution of caustio potash, KITO, is 


poured into light glass vossols, through 
which the air is passed, and tho amount of 
carbonic anhydride is determined by tho 
increase in weight o l tho vessel. But it 
is boat to take a solid porous, alkaline 
mass such as soda-lime.* 7 With ft slow 
current of air a layer of soda-lime 20 ora. 
in length is sufficient to completely deprive 
1 oubio metre of air of the carbonic anhy- 
dride it contains. A scries of tubes con- 
taining oaloium chloride for absorbing the 
moisture 88 is placed boforo tho apparatus 
for tho absorption of tho carbonio anhy- 
dride, and a measured mass of air is 



Flo, 41,— Tube for tho absorption of 
owlwmlo ftoM. A plug of cotton 
wool In plaeetl fn the bulb to pre- 
vent the powder of soda-Ume being 
carried off by tho gas. The tube 
Genuine eoda-llme and chloride of 
oaloium. 


passed through the whole apparatus by means of an aspirator. In 


this manner the determination of tho moisture is combined with the 


w Tho amount of moisture contained In tho air U considered In greater detail 
in the study of physios and meteorology and the subject has been mentioned above, 
In Chapter I., Note 1, whore tho methods of absorbing moisture from gases were pointed 
out. 

W Soda-lime is prepared In the following manner i—Unslahod lime Is finely powdered 
and mixed with a slightly warned and very strong solution of eauatie soda. Tho mixing 
should be done in an iron dish, and the materials should be well stirred together until the 
lime begins to slake. When the mass becomes hot, it bolls, swells up, and solidifies, form- 
ing a porous mass very rich in ftlks.ll and capable of rapidly absorbing carbonio anhydride. 
A lump of oaustlo soda or potash presents a much smaller surface for absorption and there- 
fore acta much loss rapidly. It Is noocssary to place an apparatus for absorbing water after 
tho apparatus for absorbing the carbonio anhydride, because the alkali in absorbing the 
latter gives off water. 

88 It is evident that the oaloium chloride employed for absorbing the water should lie 
free from lima or other alkalis in order that it may not retain carbonic anhydride. Bueh 
calcium chloride may bo prepared fn the following manner: A perfectly neutral solution 
of oaloium chloride is prepared from lime and hydrochloric acid; it is then carefully 
evaporated first on a water-bath and then on a sand-bath. When the solution attains a 
certain strength a scum is formed, which solidifies at the surface. This scum la 
collected, and will be found to be free from caustic alkalis. -It is necessary In any cate 
io test It before use, as otherwise a large error may he introduced into the results, owing 
io tho presence of free alkali (lime). It is best to pa* carbonic anhydride through the 
tube containing the calcium chloride for some time before the experiment, In order to 
Saturate any free alkali that may remain from the decomposition of a portion of tho 
calcium chloride by .water, OaClg + tlL^O m CaOH«0 -f Slid. 



fig, 3H i* uueh a combination, 

Tho amount of oarbonio anhydride** in frw air in incomparably 
more oOruitAnt than the Amount of moisture, Tim average amounts 
in l(K! Vi*lumt« of dry ait* is approximately 0i)3 volutnn - that it, 
10,000 volume® of air contain about three* volume# of earltonic anhy- 
dride, most frequently about 2 93 volumes, Ass tho spreifiv gravity of 
carbonic anhydride rtfarrrd to air » t’fi'J, it follow* that UK) parti by 
weight of air contain 004fl part by weight t»f cartomio an hydride, 
This <juantity varies according to tho tune of year {more in winter), 
tho altitudo rtlxivc* tho lovrl of the »m (Ima at high altitudes), the 
proximity to forest* ami fields (lean) or cities { greater), tie. Hut the 
variation is rnnall and rarely exceed* tho lino fa of 2| to i ten-thousawltha 
by volume. 3 *’ As there are many natural local inflmwowt which either 
inoreoee tho amount of earlmnie anhydride in the air (respiration, worn- 
buxtion, deeompoaiUim, volcanic eruptions, Ac.), or diminitit it (alawp* 
tion by plant# and water), the reason of the great constancy in the 
amount of tins gas in the air must 1m looked for, in the first place, in the 
fact that the wind tnlxee the air of various localities together, and, in 
the eeeond place, in the fact that tho water* of the ocean, holding ear- 
boaie add In wdutlon, 3 ' form an immense reaervoir for regulating the 
amount of Ale gas in the ttmoephare. Immediately the partial 


w Itoonurftft la had to tiyiretol »u*Uk 4* whwa tV «Ut»rrui»«t»»n uWo# ,4 the 
reertomto <u»hydrt4» <4 Uw> «4r. For Simla »*••», It t* fttorlred t»y *•» nlUi> wtoh «W# mi 
rerbtm&tre thy » »ol»Uen >4 toyU «*r re»*n«> **»U m**»4 w«th toyUt, <u*4 tto*tt 
th« oftrtomia wih ydride lx pxpelW by tui ww» *4 «ot wet, w*4 \u Mn»w««( 4»i»TOiire4 by Iks 
vultum* given tiff. A r»[>ni w»UwA <4 UpWrnuuing PO» (l»f bygretiio imri****) re grewi 
by th« tall <4 tomtit* produeod by the tnUvtJttelkre of m. «U*li $iW «tt tmuiig boon 
rethor brought hi drytrere »*sr Mtanttad with mni«tar») Ur. Wth'lUV* k 

Inured ttpitt Ihta prinoijtltt. Th» qurelton «w to tV amount of eftehrettv **4**4 ti 4*» |trre*at 
In the air has Wn eubtnlHod h> many vnlnmwre«« w4 r***4frf*®»,B*{w»'i«ily there 
el Raiimt, aeWreslug, Mtintss,amS Aobln, who »h,»«m4 that lh» »* m* »»bj«cft 

to »ooH vwtoton* m at Sort satxmatwd tm ffw tore** <4 (Mwu*i«t»f# «*d hrenfftofeatly 
ftc#amt« doWnmtftUrere- 

* It ta a dlffwsut eMW tawtteto*«4 sp«3», in dwelling*, twltoni, »«U®, t »o« ( an4 mitws, 
wlmm Uw reuswaJ <4 shr I# UapdW, tf*4ar Mmm P nrpttw«l*»c®» krf» tj*»*Mtinwt el 
ctwrttnnw ttnhytWde may twetunttUm. la »■•«♦*», whan* tlw«m are many mantuam* for 
the ewduUwr (4 wrkmie aahytlrhk (re^irethw, tie 

amewt to peater than la free a»r, y*t «v»n fa «nU wata th« >t,ff«ren«a 4 mm mA 
ohea mteead eae Wmtoww«ii4fch (that U, rarely attain* 4 nretewt «,f sre t*4*. in W 
voIh. »l air), 

n In Um re« aa well au in fresh wat#r, aarhoak a. kl wwn in two .KmUly 

4igft«Iv«l la the water, and eambhwl with Umm m eaklnm U«mrW»w {hard wat are 
amiHtinniB mUaln very me«U earhaak a#id la ttu* f.,rw). IV tonu .n of tV wAwte 
aahydrlda l» the first form wire with the kw^rainre, am) m. ummti mih the fartW 
pre««are, and that tit the form nf a*nd edi« i* m*M IV wsm caret, n-««, fer direct 
espwl»«ftt« toe ahevm a elmlhu to fete mm, dlhw#* ««» ^sumtiktiva 

roliiUcnui are different to the. two mm. 
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pressure of the carbonio anhydride in the air decreases, the water 
evolves it, and when the partial pressure increases, it absorbs it, and 
thus nature supplies the conditions for a natural state of moving 
equilibrium in this as in so many other instances. 33 

Besides nitrogen, oxygen, moisture, and carbonic acid, all the other 
substances occurring in air are found in infinitesimally small quantities 
by weight, and therefore the weight of a cubic measure of air depends, 
to a sensible degree, on the above-named components alone. Wo have 
already mentioned that at 0° and 760 mm. pressure the weight of a 
cubic litro of air is 1*293 gram. This weight varies with the accelera- 
tion of gravity, g, so that if g bo expressed in metres the weight of a 
litro of air, e « g x 0*131844 gram.' For St. Petersburg g is about 
9*8188, and therefore e is about 1*2946, 33 the air being understood to bo 
dry and free from carbonic anhydride. Taking the amount of the 
latter as 0*03 per 100 volumes, we obtain a greater weight ; for example, 
for St. Petersburg « a= 1*2948 instead of 1*2946 gram. The weight 

of one litro of moist air in which the tension 8 '* of the aqueous 

vapour (partial pressure) f mm., at a pressure (total) of air of H 

w In studying the phenomena, of nature the conclusion I h arrived at that th«- 

universally reigning state of mobile equilibrium forms the chief reason for that haraumkm* 
order which Impresses all observers. It not an frequently happens that we do not ww the 
onuses regulating the order and harmony j in the particular instance at carbonic 
anhydride, it is a striking ciroumatanoo that in the first instance a search was wade 
for on harmonious and strict uniformity, and In incidental (insufficiently accurate ami 
fragmentary) observations conditions were even found for concluding it to be absent. 
When, later, tlie rule of this uniformity was confirmed, then Urn eausiw regulating' 
such order were also discovered. The researches of Soli loosing were of this character. 
DevilWs idea of the dissociation of the add carbonates of sea- water in «ugp*M in 
them. In many other eoeco aluo, a correct interpretation can tmly follow fr<«u a detailed 
Investigation, 

13 The difference of the. weight of a litre of dry air (free from carbonic anhydride) at 
0° and 760 mm., at different longitudes and altitudes, depends on the fact that the force 
of gravity varies under these conditions, and with it the pressure of the barometrical 
column also varies. This is treated in detail in my works On the Mkurticitj/ of Omet 
and On Barometric Levelling!!, and 'The Publications ot the Weights and Measure* 
Department ’ ( Journal of the liuerian X'hyniea- Chemical Society, IH94). 

In reality the weight is not measured in absolute units ot weight (m proasurw— refer 
to works on mechanic's and physios), but in relative units (grams, scale weight* 1 whoso 
mass is invariable, and therefore the variation of the weight of the weights itself wsih 
the change of gravity must not be hero token into account, for we are here dealing with 
weights proportional to masse#, since with a change of locality the weight of the 
weights varies os the weight of a given volume of air doea In «»U«wr words : the kmw»« of 
a substance always maohis eonsfont, but Ure pressure produce*! by it varies with the 
ftooeleration of gravity: the gram, pound, and other units of weight ftrw ntaUy wtt* of 
mass. 

M Tim teuaiou of Urn aqueous vapour in the air la determined by hygrometer* 
and other similar methods. It may aino be determined by ftaatatf* {$m Chapter JL 

Note 1), 


bright, of dry air ® #) wjw»i t*> 


Faria- 


^ ^ • i-f ofHKM.T t im ' * Mrm * 

Blanco, if H » 730 mm., i »» *20', ami / l‘> mm, (the moisture is Ihta 

slightly below CO p c.), the weight of a litro uf air at St, Petersburg 
« l‘K.27 gram. 3 * 



aluminium sulphate l» converted hy air into a double sulphate of a at* 
utonium find aluminium, or tie* no culled ammonia alum. tjuantitatlvd 
dwtenmimHuna have aliown that the amount «>f ammonia M contained 
in air varies at diilVrent However, it may W accepted that 

100 cubic metres of air do not mutain leas than 1 or morn than 8 
ItjilHgmtna of ammonia, ft k remark ahln that mountain air contain* 
more ammonia than the air of valleys* Tin* air in th*<*»* places whew 
mtinml iiuhslnucoa undergoing change am accumulate'*!,, a nil especially 
that of iditblw*, generally contains a much greater ipmntity of thin gftt. 
This w Utu rmttott of the peculiar pungent smell m>ti»-<d in such placet 
'Moiwer atamonln, m we eba.ll learn in the following chapter, com* 
bine* with adds, and should therefore W found in air in the form of 
ouch combinations, since air contains rttrWmie and nitric «> id «. 

Tim presene® of nitric acid In air is proved without doubt by the 
fact that rain-water contains an Appreciable amount of tt. 

Further (an alrwuly mentioned in Chapter IV,), air contains ogottfi 

K Forrmihl t'sfet»iulb*ft th« weight *4 # tU-rn *4 air On a tixiwiHn Us )Vt*>r«l<ttrft, mmy 
titular these ci*w4iUon# (II, i, <ut4 f\ b» ohUfomt by the f.»tt»«S© p -- 1 Hois'? t i uootd 
fH t »?R8 >8 ft where )t, — It nftft/ tu ilstsrtnitnug ihs weight »f small *h4 

lu»ii,vy object# (cttuuhlrs, &?, lit utmly-ate, and (it defer turning the ■pe«'iAe graviKet 
Otllguifl#,4fe,)« mrrteiiim mug b* tnlr^uttAfst f*#h>Mi/urtgkr in of the twat, 

by taking the weight of a litre i*t air rti*|4*r«4 m 1 1 gram, »«4 ,•■«.», ##,. t ur.nl|y n oat 9 gram 
for every onbio centimetre, tint il or. In general .Urge r«**«*4® <*»*> weighs*), *»4 the 

weighing# wpiirw to he aceurate, it la tmewAn U» take iut*. *<-<- uu»l all the data f»>r *W 
g#t«m«!nfttleH ttl the itottwUy of the air it, It, «n4 fS, (wow »®w*un« baUnnae can 
flfetmnlne th# pOMfbU variation* «4 the weight *4 an-, m in t)**» *-•« .4 a litre the 
weight **t air fwit* in ftenUfrania, amt at » femtwatim*. with vajriailntt* *4 H 

and /. Some time ag>» (1W10) t projaMm) the billowing m<4b»4 *n4 npphstt »t l r thl* 
purptm Alarp light Md etawcl mm*\ la taken, awl Ua *t4ume at»4 weight in « 

Wrs ftecurftWy tletwnineil, a*4 wihwt fr*<m time m time. t»« weighing it w« «44aln 
41m weight in air of n given danaHy, an 4 hy auhtiecUng thl# w«ighi ft.»n ita ul ».4ui« 
weight mml tlivldlng by its we obtain the 4en»ity »4 th« air 

99 ftelilowing attuliwl the eipUhbrimu o( Ho* aimmmia of the atm.«j4,*fe »»«i of th« 
river#, eeaa, Sit;,, ant! ahowwl that Um Mamt of th« gm }# mt«rchangc ! it4e t>»;««on them. 
33m ratio between the amotml of am m nnU in a * «hic iiwtr# *4 m a«4 in a litre *4 water 
at O'b-fHXJf, at at to J, a»4 than»f»- w |« there la a atoto* 

of oqullibrittw in th« amount of ammonia in the atsmsphwrw «4 wa&w* 
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and hydrogen peroxide and nitrous acid^and its aflim6rlia Salt), id* 
substances having a direofc oxidising aotion (for instanoe, upon iodized 
staroh-papor), but they are present in very small quantities. 37 

Besides substances in a gaseous or vaporous state, 38 there is always 
found a more or less considerable quantity of substances which are not 
known in a state of vapour. These substanoes are present in the air as 
dust. If a linen surface, moistened with an acid, bo placed in perfectly 
pure air, then tho washings aro found to contain sodium, calcium, iron, 
and potassium. 89 Linen moistened with an alkali absorbs carbonio, 
sulphurio, phosphorio, and hydroohloric aoidg. Further, the presenoe 
of organic substances in air has been proved by a similar experiment. 
If a glass globe be filled with ice and placed in a room where are a 
number of people, then the presence of organio substances, like albu- 
minous substanoes, may be proved in thfi water which condenses on the 
surfaoe of tho globe. It may be that the miasmas causing infection in 
marshy localities, hospitals, and in certain epidemio illnesses prooeed 
from the presenoe of suoh substances in the air (and especially in water, 
whioh contains pi any micro-organisms), as well as from tho presenoo 
of germs of lower organisms in the air as a minute duBt. Pasteur 
proved the existenoe of suoh germs in tlio air by the following experi- 
ment : — Ho placed ' gun-cotton (pyroxylin), which has the appearance 
of ordinary cotton, in a glass tubo. Gun-cotton is soluble in a mixture 
of ether and alcohol, forming the so-oallod collodion. A ourront of air 

17 Whilst formed in tho air these oxidising substances (N a Oj, ozono and hydrogen 
peroxide) at tho same timo rapidly disappear from ib by oxidising thoso. substancos whioh 
are capable of being oxidised. Owing to this instability their amounts vary considerably, 
and, as would he expected, they are mot with to an appreciable amount in puro air, whilst 
fhelr amount doorcases to aero in the air of oities, and especially in dwellings where there 
is a maximum of substanoes capable at oxidisation and a minimum of conditions for the 
formation of suoh bodies. Thero-is a causal connection botwoon tho amount of theBo 
substanoos present in the air and its purity — that is, the amount of foreign residues of 
organio origin liable to oxidation present in tho air. Where there is muoh of suoh 
residues thoir amount must be small. When they aro present tho amount of organio 
substanoos must bo small, as otherwise tlioy would bo destroyed. For this reason 
efforts have boon tnado to apply ozono for purifying tho air by ovolving it by artificial 
moans in tho atmosphere ; for instance, by passing a sorios of electrical sparks through 
the ventilating pipes conveying air into a building. Air thus ozonised destroys by oxidation 
— that is, brings about the combustion of— tho organio residua* present in tho air, and 
thus will servo fur purifying it. For thoso reasons tho air of cities} contains loss ozono 
and suoh like oxidising agents than country air. This forms the distinguishing feature 
of country air. However, animal life cannot exist in air containing a comparatively large 
amount of ozone. 

M Amongst them wo may mention iodine and alcohol, C a H 8 0, which Mltats found bo 
bo always present in air, tho soil, and water, although in minute traces oply. , 

®° A portion of tho atmospheric dust is of cosmia origin j this Is undoubtedly proved 
by the fact of its containing metallic iron as do meteorites. NordensklSld found iron irl 
the dust covering enow, and Tissondier in every kind of alt, although naturally in very 
small quantities. 
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wm» pfwsrd through the tube for ft long period of time, and the gtm* 
cotton was then diMulved in a mu tarn of ether ami alcohol. Aa 
insoluble residue wu thu* obiftimnl which actually contained the germ# 
of <<rgam«roit, a* was shown by mirrcramptml otaervatmna, and by their 
capacity to develop into nggwuam* (mould, <kr ) under favourable 
condition", The prwwnee of these germs determine tin* property of 
air of bringing about the ytoe#mm of putrefaction nrnl fermentation— 
that ii the fundamental alteration of organic BubsUnewis, which is 
accompanied by an entire change in their properties. The apfHmmne# 
of lower organism*, l*oth vegetable ami animal, ** always to 1m remarked 
in thenc prvH'mwvii. Thus, for instance, in the prone** of fermentation, 
when, for example, wine is pnwuml from the jwwt June of grapes, a 
pediment #cpa«tte# out which ia known u ruler the name of W«, and 
contain# jmeuimr yeast organisms, t tarns am required Wore th§*» 
organisms can appear.*# They are floating in the *ir, ami tall into the 
sweet fennrn table liquid from it, Finding tbettiwdvea under favourable 
condition*, the gems develop into organism# they ore nourkhed at 
ihft expense of the organic mibstanee, and during growth change and 
destroy it, and bring about fermentation ami putrefaction. This is 
why, fnr Instance, the Juice of the grape when contained in the skin of 
the fruit, which allow# aoews of the air but is impenetrable to the 
germ®, dona not ferment, does not altar m lung as the akin remains 
intact. This In also the mason why animal #ul»«tanc*» when kept from 
the acotw of air may bo preserved for a great length of time, Preserved 
foods for long atw voyages are kept in this way ** Hence it ia evident 
that however infinitatimai the quantity of germ# carried in the a turn* 
sphere may he, still they have an immense rignifteaneo in nature. 43 

Thus we tm that air owitudn# a great variety of iulwtannw. The 
nitrogen, which is foutui in it in the Urgent quantity, hat the least 

*® Tta i?W jtrf feta ep»t*fe«»o«* giwfek of *MX*»ta*»» feu a *aife*t4« riltattgb 

stQl by m*#y, Mu> »u„:» tta m»k **f t‘a#te«r met Ufe* Wtanw f m*t fee a certain 

(SctoA'I of kia prrikMmam*) bam W«#« it taw hmm pfwwri taw, when, mk) 

whw*ce (tom tta air, watar, fta) Ita tgtmm appear j fetafe tememtatam m ««U m iwta*- 
ttaa# mmm% trie? fbMwittasfe ttam ; wri ritaiy ta*s*»*» ft km tawa riww taut 

'My Shane* MoovpoaM by dm of Ita wsiMiwm* tatnriowd »»*y ta Wwogfal 

obkrt at wiU by tta iulrwlttHina «t tta $wr«M> fata a mutrita nurimitt. 

** X# farther aoa&mMtafl el feta feet fetal jmtnitMUaa «ri tawMfeatatt d«f*wri oa 
jgmm «trrtal la tta ah, we may cite feta ta«t**»*feamw* fetal witafc m«w*» tta 

BfcroyUig feta Ufa of orgHtaas sfeep er Mirier feta *$$mr*m* «*f feta aWts preedaiese, 
Air whlftk taa taea keeled te wstlftw** w fetaettgk tal^kart® N^imta^serwmfeita# 

Ute jtarmtt of utfrtmlwwi, wul keen feta tarntty *«f fem«ria4i**n wri rttlrafadtea, 

« Tbelr ptmmm In feta atria imtniaMy Am to feka Mat «< prma fenfe feta cferoo- 
sykem, «mI ©wing fee fetab mim^giirri fekey, m U were, tat* to feta air ia 

vtrtae of tktar tag* euri«#a oempatl fee iimir la ^erl# feta amoenl «f dual 

aaaiaaried ia feta rir equals from fl (efts* rote) v> It from par MW f» el ah. 
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influence on those proceasoa which aro wsoonoplifth®4 by th§ Action of 
air. The oxygen, which is mot with in a lessor quantity than tin# 
nitrogen, on the contrary takes a very important part in a number of 
reactions ; it supports combustion and respiration, St brings about 
decomposition and every process of slow oxidation. The part played 
by the moisture of air is well known. The carbonic anhydride, which 
is met with in still smaller quantities, has an imiinm.w signifkamo in 
nature, inasmuch as it serves for tlu» nourishment of plants. Thu 
importance of the ammonia and nitric acid i« very groat, bantu#** they are* 
tho sources of the nitrogenous gutmtanoe* oamprkmg an irwlkpetisnihb 
element in all living organisms. And, lastly, the infinite imal quantity 
of germs also have a great rignifloaneo in a number of pr<»««a«. Th« 
it is not the quantitative but the qualitative relations of th« eoinpoimnt 

parts of the atmosphere which determine it» importance in natorw.*® 

Air, being a mixture of various substances, may luider eonaidnnthta 
' changes in oonsequenoe of Incidental olroumstanooa. It is {mrliattburty 
necessary to remark those ohanges in the competition «f air which tek# 
place in dwellings and in various localities whom human being* have 
to remain during a lengthy period of time. The respimtiw* of human 
beings and animals alter® the air. 44 A similar deterioration of air I# 
produced by the influence of decomposing organic «u latte nc*w, »»4 
especially of subatanooc burning in it. 49 Hence it is necesmary to have 

43 We mo iilmllar oaae» everywhere, Far example, the prednmttutUng tmm* t> 1 *+t*4 

and day In the soil takes hardly any ohemiiMiJi j»ort to tb» **»»» wamy ,4 the •».*»} in I 

to the nourishment of plants. The plants fry thatr trnto ssareit f«» satM****** ilwt **» 
diffused In comparatively small {juantlttei 4i tb» soil, tt a k*i# «f**»tMy >4 Umm 
nourishing substances are removed, tbm tim plant* wttl w* toning m i*m ma%, f*«* ** 
auliaahi die In oxygen, 

44 A man in keathlng bums about 10 grams of «urfe«#* par brns^Am §*,t» pfMhMwt 
about WO grams, m (m 1 mhm* el oarbonk* mhfMto vretfts# abmt gmmml tom * 

A «*»»■ of carbonic anbydrida Tim sir etsmtef famt the tongs ewtteto# I **. *4 mi Umm 
anhydride by volume, The exhaled air set# as a d»r«rt pfese* ewfasg *» Am p* **4 a» 
other impurities. 

48 For this reason oandles, lamps, ami gas shawl* the wMagnsttem * 4 mi *tew»* m 
tlm wan io way as respiration, In the burning of l kilogram *4 «i*mm *«*»*!}*•», ha *<*?** 
motras of air are changed aa by re»plretl»m~lhat U, 4 po of rmUmi* «mh*, !»>,}« «,!’ t« 
formed in this volume of air, The respiration of animals am} • thalsi a #>* fre«, n,*.» ^ 

and esjieclally from the Intestines and the exeremsols nod the tr**»»J re », „» ui ^ 
place in them, contaminate the air to a atdl greater estcmt. tenue Us, .m, „ 

volatile substance* besides earbnwa anhydrite Into U** «4i. M u,® **,.,.* 5 v .\„4 

carbonic* anhydride is formed the amount of t *yg«Sl In lbs 0.1 >io ,«UK,. .5 l.'.tara ,« 

untiood the appsaranen of miasmata which r«*>ur In but sondl «».«&•#« 

noticeable in passing from fresh air into a er«an -4 *p*.« fall a ** 4 , o4«tM*ln4 «ss 
Tim rcscarobas of Hehmidt and IssbUna and others show that »*«* win, §&$ «, #i 
oxygen (instem) of U01) p.o.), when tl»a dtnwmib<4> is due te fseplretl^m srf# is ssmsmsmi 
notiaealily lea# fit for resplraUon, are! that ths hesvy t— ditig iMlpSirteaeiel m **mis e£& 
iAMMSss with a lesser perw.tage of osygen. It la dtOnsfo «b»s*U» f# ,h, 

,ln air aonWakg !?•» pa. c*f uxygsm. Tbasa 
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regard to the purification of the nir of dwettinp. The mnecrttl of ^ 
tho replacing of reepired by treeh air, k tanned 1 ventilation,' *« and the 

bbMrvetkme m the air <4 different mtoea, at differ*** depth* tatow lb# mrUm, The 
air at theatres and feuifeUnf* full <4 p*opt* »!«•• pnivae to contain l»«* cmygen 5 it m 
found m e m ftCraaWm that at the end of a iferatto a! rvprewMftallott the air in the ®t*U» 
Contained SOTS p.e. t*f oxygen, whilst the air at the upper part of Ih* tbeatca tmofaUned 
tm\f flO’Bfl p.c, Tit* amount of earbenk afthydrkl* to the a k may fe# tefcea a* % mumm 
of its parity (IhAfamknfwr). When it «wb» l pc. it Is very dull, nit f»r human Wing® 
to remain fernf in m ® h uir, and it U mmmMy to art w$» n n #■**»»» 'mMU.Umx for the 
remnval of ttw adulterated air. In order to k«*p the alt in dwelling* to » uniformly «oof| 
it is mwoMiury i.» Introduce at Wt 1« tmfeto B M* rw » of ftwh air per btr par 
person. Wo saw that a man exhale* about fiv* twelfth* *4 a »i»W ntwlrw of earhook witty, 
dritlo jwir tlay. Arooreta c4nMtr*aU»>oa have afenwa that air containing on*" tenth pe. of 
exhaled carbonic anhydride (nod consequently ah» a eem«t*mdiag amount of the other 
wtlwtanawi evolved togstW with it) to not fell fa* be oppreeatvet and therefore the Ave* 
twelfth mifek mattes <4 earhook anhydride should fee ddtrfastd with *to oufete metre* of 
iwh air (fit be desired to beep not »i* limn one- tenth pe (by volume) *4 carbnnle 
anhydride to the air. Hence a man require* *10 eubk metre* «4 air par day, **r 18 ratio 
metre* per H*mr. With the iofamdoettoM of «oly M ewfek metre* #f fresh air p«r prewn, 
tho amount <4 carbonic anhydride may nwk »*»4lftb pit, and the nlr will not then he of 
the requieik frrehn#**. 

* Tim tm Ufa turn «rf Inhabited buildinfa to nuut tHxmmtf, and to »tmi infi«pemmhl« 
In Itoopltoia, Mhoole, and almitor tmlbltega. In wtetor it to wrrtod m fay the e» e«U«d 
oatotlftora or »k*v#a htottog the air before It The tow* hind of wWlfler* to thto 

ore tbote la whteh tho fresh «44 air to W thr*>«igh a »«rtoi» > ( pfpa* troetod toy 
the hetfMtoe earning from eatenm, la een^totton, purttonkriy dtu tog winter, mm to thtoe 
that tho taewdag air ehatt he art*, t*«»« to wtoter ti«» «*f «»««»?* to the 

air to veiry email, V#»titothm, hmtide* totrodmdng fwd* air tofa* a dwetltog pto#*, mwt 
atoo withdraw the air already wptolt toy and wther e*»*e*---tha» to. It to m&m* 

wary to eonetraet eh er awde far th« tof the bad air, th««s fat the InlroditeMwk 

of f»sdi air. In ordinary dwrtltog.fda***, where ard many people wr* eongwgMed, the 
vantilatiofi to emwluotod hy natural moans, to the by ftow*, through ererteee* 

window*, and varlonu orlft«#« to walla, dw*r», and wttotow*. In mh»#, faetwrt**, m * I wertfa 
WKvma ventilation to of the pvatost Impwtanee. 

Animal vitality may rtltl wmtinua for a period *4 »*v»rid mmnte* m mr #nutat«ing up 
to HO p-p. nt Partomlo aahydrid*. If tha remaining W p» *4 wrdtewry atrj l*#» rnaph 

ration tmrnn aftor a eortato Urns, and death may »fm mm *■ Tlw A»i»» »t » «mdi# 
la vary Malty oxtingutolwd to an etmntpheiw ermtatotog hwm S fa i po *4 r«rMr asihy* 
drido, Irnt animal vitolify mr feet aontatoed l« it fat « eomewhal toug t m*>, allh<a»gfe the 
effort <4 sttofe air t* emreffiit^y ptotol mm to the tower awtotato Them «r»* mine* li 
whtoh a lightod eandln #arf| f $m out tows the mmm of eehydride, feat to wtooh 

fhe totoem have to nnuht to a t«*f iter. The pmw w ne e <4 i p«. «f «#fe®#te wild* h 
deadly tfta to «Ms*ht#t4Wi wriffl e le . Th» air in the gellerte* *4 a «*f«# whwre Waaltof 
ha»tod tfflplitoe» to knetm to preduee % *4 ineewdhffiiy twwmWtog that pmdtMwd fey 

charcoal to Mi> well# and vaults not w fwqa m i ^ etwto to sfmiferr eafertamsM, and 

Iheto Matm^hwa afton mm e afto a tov w. The etmmfhetee *4 m#h ptoee *em*4 he 
toeted hy towurtng afff^dwd eenfti Me ft, m tome potommete gmm would w* mrtoapttoh 
the flame, Thto totdMM «M^y MHieee to tedirato the Mumml of nurtoeie enhydride. If 
a candle keeps a%ht, H dgstfiee that A#r« to |«h than ff p« ef this «m. In dwfetfwt 
«“*• u lf > b< ‘ st to hm« »%« nttor animal into «he air fa to tovtei t f CO, be cetp 
Mtotoly addt»d to air, the flame of a eemAe to m (mmrngh ft Umrnm 

™*y tottfth smaller) even whea the pt «w«8t* to || pe. <4 air, Nweawh ee mad* by 
V. Clowe, (IHW) etow feat toe Bmm (to vmy mm 4 to. ton*) «f &mmm t ««to^de 
wba a» MttapfiM ^ the pad^ ad^R ^ ^ aM 


removal of foreign and injurious admixtures from the air is called 
‘disinfection .’ a The accumulation of all kinds of impurities in the 
air of dwellings and cities is the reason why the air of mountains, 
forosts, seas, and non- marshy localities, covered with vegetation or snow, 
is distinguished for its -freshness, ancj, in all respects, beneficial aotion, 

carbonic add to tho air; tho percentage sufficient to extinguish tho flame being as 
follows (tho poroeutago of oxygon ia given in parenthesis) : 


pc. 00, p.o. N. 

Absolute aloohol , * .14 (18-1) 21 (10-0) 

Candle . . > V> p ■„ 14 (18-1) 22 (16-4) 

Hydrogen . * v „ i„ . 58 ( 8-8) ?0 ( 6-8) 

Coal' gas . s ,i o -.1 88 (14-1) 46 (11-8) 

Carbonio oxido a r . t 24 (16*0) 28 (15-1) 

Methane .. «. ft ^ 10 (18*0) 17 (17*4) 


Tho flamos of all solid' and liquid suhstanoos Is extinguished by almost tho same per- 
centage of COj or N a , but .the flamos of different gases vary in this respect, and hydrogen 
continues to burn in, mixtureswhich arc fax poorer in oxygen than thoso in whioli tho 
flames of other oombustiblo gasos uxo extinguished ; tho flame of methane CH4 is the 
most easily extinguished. Tho percentage of nitrogen may bo' greater than that, of CO a . 
•This, togothor with ’tho foot that, under tho above olroumstanoes, the flame of a gas 
too fore going out bocomos fttintor and increases in size, soemsto indioate that tho ohiof 
reason for tho extinction of tho flamd is the fall in its temperature. 

47 Different to-oalled disinfootants purify tho air, and prfivont tho injurious aotion of 
pertain of its components by Changing or destroying them. ’Disinfection is OBpocially 
necessary in thoso places whora a considerable amount of volatilo substanoos aro 
evolved Into tho air, and where organio substanoos aro decomposed; for instance, 
in hospitals, elosots, &o. Tho numerous disinfootants aro of tho moBt varied nature. 
.They may, bo dividod into oxidising, .antiseptic, and absorbent substanoos. To tho 
oxidising Bubstanpos used for disinfection bolong chlorino, and various subBtanoos 
evolving it, booauso chlorine in the prosenoo of water oxidises tho majority of organio 
substances, and this is why chlorino is used as a disinfectant for Siberian plaguoB. 
Further, to this class belong the permanganates of the alkalis and peroxide.of hydrogen, 
as substanoos easily oxidising matters dissolved in. water; these salts aro not volatile 
like chlorine, and therefore oot much more slowly, and in a muoh more limited sphere. 
Antisepfaio substanoos are thoso which ooijvert organic substanoos into such as aro little 
prone to ohange, and prevent putrefaction and fermentation. They most probably kill 
the germs of organisms Occurring in miasmata. Tho most important of these substances 
aro oroosote and pbonol (oarbolio aoid), which occur in tor; and act in preserving emo)cod 
moat. Plionol is a substanoo' little^ soluble in water, volatilo, oily, and having tho 
cluvraotorisUo smell of smoked objects. Its action on animals in considerable quantities 
is injurious, but in small quantities,, used in tho form of a woak solution, it provonts tho 
change of animal matter. Tho smell qf privies, which doponds on tho chango of oxcro- 
. mental mattor, may bo easily removed by moans of chlorino or phonol. Salicylic $tcid, 
thymol, oommon tar, and ospooially itB solution in allcalis as propoBod by Nonsky, &o., 
:iiro also substances having tho same property. Absorbont substanoos aro of no losa 
Importance, ospooially as’prevontativos, than the proooding two classes of disinfootants, 
t inaamuoh as they aro innocuous. They are- thoso silbatanoos whioh absorb the odori- 
uforous gasos and vapours omitted during putrefaction, whioh aro ohiefly ammonia, 

1 Bhlplmrottod hydrogon, and other volatilo compounds. To this class belong charcoal, 
i certain salts of iron, gypsum, salts of magnesia, and similar substances, as well as peat, 
'mould, and clay. Questions of disinfection and ventilation appertain to the most 
serious problems of oommon lifo and hygiene. These questions are so vast that we ore 
bore. able only, to give a. abort outline of their nature. 
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CHAPTER VI 


*m* tiovromiM kitrooiwi wrr« «*»»<»«** Am mtmw 

If? the U'it chapter we »w Uwit nitrogen not tliroetly eomblM 
with hydrogen, hat that a mister# erf lhe*t» gmm in the prmmm of 

bydnwhiorio mki gm, HOI, 
forma ammonium ehlorklt, 
KII 4 0 ), OS the pAAMgA of ft 
•ftrtiNiof alee trie ftpark*.* la 
aytummiutn ehtorkH HOI lb 
ootnUnoii with NHg., et«. 
Mt|«MmUy N with II „ farm 
ammonia* Alnwet nil the 
tubthtnem qf 


ammonia when boated with 



■ «ar *)«•« m * *»**. as alkali. Hut oven without 

— Un *fe« vtwttnU ejrtMb ** v »#**«* ,, « „ .. 

tw»4 ID wamiMCnw t# <***»■•«'* » T*» the pMKUft of as ftlltftU 


or boated with a 


tie, 4*.»Ttw 

Ttw tows 

^ ^ 

«» «*m*t <* «*»««««« 

rimtmWM to* mp M »« wwawf ,**4 too Nwwt Hhmm - • 

to* MM tate fcreto* V, ft m tmt U Is Mw* hmwH 
Msa wrv #b*nM * 0 **, • . 

B»w*. TlA *«#•»<-' <0» WU*» t* pw w fm t, m 4 g#W* a* ®fe» 

*w«a of x n a mi tn w M wum, m fcmm* t# a* #«}-j 4 y of air,. 


dmwtftf . . . 

nitrogen, if wot entirely, it 
all eventa partially, is the faro of ammooift. When animat attbetonoMi 
sttehai&kimi, bom®, &m% Mr, burnt, &e n m» hi 


The WftHittJlift tft to # 1 &fF, S#A leg |«nnM **»»*«, «sf*t m stmt 

MtMf WWB* MMtoMMt of rtonto »*«J wueat** «*4 efee peatototj tmm to# iwlhMfttea ©I 

l “ ■•“■ - •— * ^ ‘"if to turn. Ha torw^Ai to tto * «u* 

f water, «Mi-l «e to« to toAfejf&e* 
jl • •- - — "■•• — '”• m hw !-*»«»« ***st*#«*s»i to the tot f(Ste#sJ, m ea 

m iMriM Attvito, wbieh tokwe f ?hmm wndm mmf *&!» 

evemMtm m M^Mto fat to Hi# rMstolf dt 

mlewwm, UahUU* u$tm§m mdtm tewttf with M (to Mg, w4 wtib mmtf etthW 
>ae . 1 , e«i»ipo«umia, w h ftft bwrt e a whh a «ais«t» attad*, to lb* |h*mhmw ei 

wstor, *m»o«to («*»0tagtw 3KT % Mto* H, m4 (totter * VII, Koto *#J. 
e*swj*la» (rf to# i»«i#aei ts«»mWsMt»}4 «*f tau&gm with 

,4 ^ OT * b# tomwd i 4 hw»A awii^sto p% 

Mtoatoeapottoa tote ritowwti tM >rt,u i„ 
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air in iron retorts— they undergo what is termed dry distillation. A 
portion of tho resultant substances remains in the retort and forms a 
carbonaceous residue, whilst the other portion, in virtue of its volatility, 
escapes through the tube leading from the' retort. The vapours given 
ofF, on cooling, fopm a liquid which separates into two layers j tho one, 
which is oily, is composed of the so-called animal oils ( oleum cmimale) 
tho other, an aqueous layer, contains a solution of ammonia salts. If 
this solution bo mixed with lime and boated, tho lime takes up the 
elomonts of carbonic acid from tho ammonia salts, and ammonia is 
evolved as a gas . 3 In ancient times ammonia compounds were 
imported into Europe from Egypt, where they were prepared from the 
soot obtainod in tho employment of camels’ dung as fuel in the locality 
of the temple of Jupiter Ammon (in Lybia), and therefore the salt 
obtained was called * sal-ammoniacale/ from which the name of ammonia 
is derived. At the present time ammonia is obtained exclusively, on a 
l.arge scale, oithor from the products of tho dry distillation of animal or 

tlieroforo, a sorios of sparks do not totally decompose the ammonia, but leave a certain 
portion uudocomposcd. One volume of nitrogen and three volumes of hydrogen are 
obtained from two volumes of ammonia decomposed. Ramsay and Young (1894) invests 
gated the decomposition of NH 5 under tho action of heat, and showed that at 600°, 1 & p.o. 
Id decomposed, at 000° about 19 p.o., at 800° 65 p.o., but those results wore hardly free 
from the influonoe of ‘contact.’ Tho presence of freo ammonia — that ia, ammonia not 
combined with aoids— in a gas or aqueous solution may bo recognised by its characteristic 
smell. But many ammonia salts do not .possess this smell. Howovor, on tho addition 
of an alkali (for inHtanoo, caustic limo, potash, or soda), they eVolvo ammonia gas, especially 
whon boated. Tho prosenoe of ammonia may bo made visible by introducing a sub- 
stance moistened with strong hydroolilorio acid into its neighbourhood. A white cloud, 
or visible white vapour, then makes its appearanoe. This depends on the foot that both 
ammonia and hydroohlorio acid are volatile, and on oomlng into oontaot with each other 
produce solid sal-ammoniac, NH 4 OI, which forms a oloud. This test is usually made by 
dipping a glass rod into hydroohlorio aoid, and holding it over the vessel from wliioh the 
ammonia is evolved. With small amounts of ammonia this test is, however, untrust- 
worthy, as tho white vapour is soaroely observable. In this case it is best to take paper 
moistened with merourous nitrate, HgNOg. This paper turns blaok in tho presence 
of ammonia, owing to tho formation of a blaok oompound of ammonia with merourous 
•oxido. Tho smallost traces of ammonia (for instance, in river water) may bo detected 
by moans of tho so-oallod Nosslor’s roagont, containing a solution of morourio ohlorido 
and potassium iodide, which forms a brown coloration or prooipitato with tho smallest 
quantities of ammonia. It will bo useful hero to givo tho thormo-chemioal data (in 
thousands of units of heat, according to Thomson), or tho quantities of boat evolved in 
tho formation of ammonia and its compounds in quantities exprosBod by thoir formula*. 
Thus, for instance, (N +II 5 ) SG‘7 indicates that 14 grama of nitrogen in combining with. 
8 grams of hydrogen dovolop sufficient boat to raise tho tomperaturo of 26'7 kilograms of 
water 1 °. (NHj+nHjO) 8'4 (heat of solution); (NHj,nH a O+HOMiHflO) 18 * 8 ; 
(N + H 4 +' 01) 00-0 ; (NH S + HOI) 41-0. 

6 The same ammonia water is obtainod, although in smaller quantities, fa the 
dry distillation of plants and of ooal, which consists of tho remains of fossil plants* 
In all those oasos tho ammonia proooods from the destruction of the complex nitrogenous 
substances ooourring in plants and animals. The ammonia salts employed fa the arte 
are prepared by this method. 

*12 
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vegetable relaee, from urine, or from the emmonieoel liquor® ooileeMd hi 
the dtummtlv® distillation df eo«JI for th® prtparaUon ck ®e*l pu* This 
nmuumiacAl liquor k pineed in a retort with ii»® and hinted j the 
tuoamonin b then waived together with «t mm,* In the nrt% only t\ 
rtmll amount of ammonia b ueed In a free eute—thet ht, in an imjihkkui 
notation j the greeter portion of it i» converted into different mlt# 
having Uohnloei \um, ttpeeblly eeheinmaniee, NIl 4 Cl t and ammonium 
«ulpbat% (NH*)t80 4 , They wru Salta® evbtleneee which ere formed 
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tesembling common salt in appearance and properties. Ammonia may 
-be very easily prepared from this ecU-ammoniao, NH 4 C1, as from any 
other ammoniacal salt, by heating it with lime. Calcium hydroxide* 
CaH 2 0 2 , as an alkali takes up the acid and sets free the ammonia, 
forming calcium chloride, according to the equation 2]STH 4 Cl-f CaHjO* 
,jt=2H 2 0 + CaCl 2 •+ 2NH 3 . In this reaction the ammonia is evolved as 
a gas. 6 

It must bo observed that all the complex nitrogenous substances of 
plants, animals, and soils are decomposed when heated with an excess 
of sulphurio acid, the whole of their nitrogen being converted into 
ammonium sulphate, from which it may be liberated by treatment with 
on excess of alkali. This reaction is so oomplete that it forms the 
basis of Kjeldahl’s method for estimating the amount of nitrogen in its 
compounds. 

Ammonia is a colourless gas, resembling those with which we are 
already acquainted in its outward appearanoe, but clearly distinguishable 
from any other gas by its ‘very characteristic and pungent sjnelh It 
irritates the eyes, and it is positively impossible to inhale it.. Animals 
die in it. Its density, referred to hydrogen, is 8*5 j hence it is lighter 
than air. It belongs to the class of gases which are easily liquefied. 7 

0 On a small soalo ammonia may bo prepared in a glass flask by mixing eqnql parts 
by woighfc of elalcod limo and flnoly-powdored sal-ammoniac, the nock of the flask 
being oonnoctod with a» arrangement for drying the gas obtained. In this instance 
neither oaloium chloride nor sulphurio aoid can bo usod for drying the gas, sinoo both 
those substanoos absorb ammonia, and therefore solid oaustio potash, which is capable of 
retaining tho water, is employed. Tho gas-oonduoting tube leading from the desiocating 
apparatus is introduced into a moroury bath, if dry gaseous ammonia be required, because 
water oannot be employed in oolleoting ammonia gas. Ammonia jras first obtained in 
this dry Btato by Priestley, and its composition, was investigated by Bertbollet at the end 
of the last century. Oxide of lead mixed with sal-ammoniac (Isambert) evolves ammonia 
with Still greater ease than lime. The oaose and process of the decomposition are almost 
tho same, 2 PbO + 2 NH 4 CI «■ Pb a OCl a + H jO + 2 NH 5 . Lead oxychloride Is (probably) 
formed. 

X This is ovidont from the faot that its absolute boiling point lies at about +180° (Chap, 
tor II., Noto 29). It may theroforo bo liquefied by pressure alone at the ordinary, and oven 
at muoh higlior tomporaturos. Tbo latent heat of evaporation of 17 parts by weight 
of ammonia equals 4,400 units of boat, and henoo liquid ammonia may bo employed 
for tho production of ool<l. Strong aqueous solutions of ammonia, which in parting with 
their ammonia aat in a similar manner, are not unfrequently employed for this purpose 
Suppose a saturated solution of ammonia to be contained in a closed vessel furnished with 
receiver. If the ammoniaoal solution be heated, the ammonia, with a small quantity 
of water, will pass oft from the solution, and in accumulating iu the apparatus will 
produce a considerable pressure, and will there f or 0 liquefy in the cooler portions of the 
receiver. Henoo liquid ammonia will be obtained in the receiver. The heating of the 
vessel containing tho aqueous solution of ammonia is then stopped. After having been 
heated it oontains only water, or a solution poor in ammonia. When once it begins to cool 
tho ammonia vapours commence dissolving in it, the space becomes rarefied, and a rapid 
vaporisation of the liquefied ammonia left in the receiver takes place. In evaporating in 



F&rwtey employed the following method for liquefying ammonia 
Ammonia. when pwwed over dry silver ohlnride, AgCl, i* ftbmtrWl by i| 
to iv oonaldomble extent, especially at low tempemturim.* The solid 

the receiver it will cum the temt»«rfttur»> w it t>* fall <-«n»i4ef ably, and »4I »i »«!< {>»# toto 
th« fc^tuwua ftoltttton. in (bn end, tin* mwc a«‘1rtte*n m originally taken, {* 

I* obtained. in thi« CM)*, n» healing the vtsmml the }*re*»m* mi-nr-asaa by lt#4i t 

rn& m cooling it ilmitotahrsi, an that here heat dttwtfy l»i'Wn« mwluhi- iil work. TM* 
la tkn principle »4 th« #i*t»{4»*l forma wt Vttrri's }<>#•»»« 4 s««t =>h..»« j«, f%- 44. 

0 k ft vM»el mtute «»f toiler pktee i»te who h the Mtoratel eotatton >4 anjnwmift It 
poured ; m l« it Into conducting the amtnoftta rajmar to the receive* A, All of 

tto apparatus ahmild bn tormwtisxUl? jraned fcgrthtf. end ahaaM to able t<» wjilwtm^i 
ft pns&mirc rwM'Umg ten ata«>«|*Uerei., The apparatus fttoabl to fr»al iftiw mt, which 
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would utberwiaa hinder tlw Ihjueftetton *4 tto ammonia The janur*** i« miTtad m ft# 
fftllww# :»Th« appatelu* l« ft ret en imbued that any li<t«o4 remaining in A m*y (\-am 
into 0, The vnswl (5 in iton placed aj»»« a stomt F, *#4 fcMtad n#Ml t to th»nw»m«taf t 
indicate* ft temperature of lifer* 0. Itaritvg this time the ammonia baa to«*» **» pelted from 
O, and foul lii(U<»ited Ift A ft! onto 1 to faeititata tit* Ifapwfastten, tto rwmMver A 
toimKwrw»4 Ih ft took of water U {m th# tefthaiwl drawing m %. it}. After ebont 
hftU an tow, when It may to euppowed that the to* taw*» wa petted, tto hr* to 

wsffiwwd frntn under 0, and Ikk to now imwtomm4 to §J» busk ef water ft- Th« epperiMs 
to tepteteftted to this* pntdUwn to tto r%hl*ha*wl drawing «f % 44. Thetopmltad Mwmoeto 
Mten SVUtoNdM, and pttm«wi ew tote the water to 0, Tin* hmim the temperature 
to! A k> toil ewritettWy. Th«wijtetett»te be eNfrigwfwted to placed to a *mmi (4, to the 
eylWried tpum tartto the wwlw A. The r»f«%»r»ti«i» to at*** hwjA es* f«r aWut haW 
M hour, und with tut ef tttdimtf iimKvdtm* (^Kttatoted two lit*'#* 

of wumnnift m>luUttn), 15 v* tof tod «w piwJu«e4 bf lb» rmnattmtAtoe «# o»«* 

fcUoftram of eoal. In work# tuor* t w a to lto ifpm «tf Caira'a w«wshtofWi ww 
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compound AgCl,317H 3 thus obtained is introduced into a bent tube 
(fig. 45), whose open end c is then fused up. The compound is then 
slightly heated at a, and the ammonia comes off, 
owing to the easy dissociation of the compound. 

The other end of the tube is immersed in a freez- 
ing mixture. The pressure of the gas coming off, 
combined with the low temperature at one end of Fto. 45.— The iiquofaotion of 

. , , , , ammonia In a thick bont 

the tube, causes the ammonia evolved to condense glass tube, a compound 

• , ... . . 1 . , j, , oi ohloriilo of silver and 

into a liquid, in which form it collects at the cold ammonia is placed in the 

end of the tube. If the heating be stopped, the then soafedup! 10 cnd ° i3 

silver chloride again absorbs the ammonia. In 

this manner one tube may serve for repeated experiments. Ammonia 

may also be liquefied by the ordinary methods — that is, by means of 

pumping dry ammonia gas into a refrigerated space. Liquefied 

ammonia is a colourless and very mobile liquid, 9 whose specific gravity 

at 0° is 063 (E, Andr6off). At the temperature (about— 70°) given by 

a mixture of liquid carbonio anhydride and ether, liquid ammonia 

crystallises, and in this form its odour is feeble, because at so low a 

tomperature its vapour tension is very inconsiderable. The boiling 

point (at ft pressuro of 760 mm.) of liquid ammonia is about — 32°. 

Hence this temperature may be obtained at the ordinary pressure by 

tho evaporation of liquefied ammonia. 

Ammonia, containing, as it does, much hydrogen, is capable of 
combustion ; it does not, however, burn steadily, and sometimes not 
at all, in ordinary atmospheric air. In pure oxygon it burns with 
a greenish-yellow flame, 10 forming water, whilst the nitrogen set free 

pressures are equal at about 20° j consequently, at higher temperatures it is greater 
than the atmospheric pressure, whilst at lower temperatures tho ammonia is absorbed 
and forms this compound, Consequently, all the phenomena of dissociation are here 
clearly to be observed. Joannis and Oroisier (1804) investigated similar compounds 
with AgBr, Agl, AgON and AgNOjj, and found that they all give definite compounds 
with NHj, for instanoo AgBr,8NH s , 2AgBr,8NH 3 andAgBr,2NHj; they are all odourless, 
solid eubstanoos which decompose under tho atmospherio pressure at +8 , 5, +84° and 
+ 61°. 

8 Tho Iiquofaotion of ammonia may be accomplished without an inoreaso of pressure, 
by moans of refrigeration alono, in a oarofully prepared mixture of ioo and caloium 
ohlorldo (booauBQ the absolute boiling point of NH 3 is high, about + 180°). It may even 
toko place in tho sovere frosts of a Russian winter. Tho application of liquid ammonia 
aa a motive power for engines forms a problem which has to a certain extent been solved 
by the French engineer Tollier. 

10 The oombustion of ammonia in oxygen may bo offeotod by the aid of platinum. 
A small quantity of an aqueous solution of ammonia, containing about 20 p.o. of the gas, 
is poured into a wlde-noolred beaker of about one litre capacity. A gas-oonduoting tuba, 
about 10 mm. in diamotor, and supplying oxygon, is immersed in the aqueous solution of 
ammonia. But before introducing tho gas an incandescent platinum spiral is placed in 
the beaker ; tho ammonia in the prosonoo of the platinum is oxidised and bums, whilst 
the platinum wire becomes still more inoandesoenfc, The solution of ammonia is heated, , 



gives it* oxygen eorapcmnd*-»ibjtfc U» oxide* of nitrogen. The dtoetapogh 
tbn uf euuinmi* into hydrogen n»d nitrogen not. only %®km pk 00 at a 
red heat and under the WJtitm of sloehrfo spark*, but also by means of 
many oxidising «ttb*ta»e«t ; for ioatsnoe, by pausing ammonia through 
a tube containing mb hut ©upper oxide. The water thus forrnsd uuty 
b§ odllwtod by substance* absorbing it> anti tin* quantity of rdtrogtsr 
way be smeared la a gi umm form, ami thus the ©ompotdtk® of 
ammonia determined. In this manner it in very easy to prove that 
ammonia contain* $ parte by weight of hydrogen to 14 part* by 
weight of nitrogen ; and, by volume, 9 volt, of hydrogen and 1 vid , Jf 
nitrogen form 2 vok of ammonia. u 

Ammonia la mj«abk> of combining with a number of eubatanMi, 
forming, like water, sulwtaneee of varknwi degree# of stability. It Is 
wore soluble than any of the gam?* yet Atweribeti, both in water and la 
many equeeuii wlutkm W® have already seen, in the drat chapter, 
that one volume of water, at the wrdu*«ry temperature, dissolves about 
700 vote, of ammonia gaa. The great udtabiiity of ammonia enable® It 
to Iw always kept ready for use In the form of m% *mju«<hwi wlatlon, 11 

sort e®yg*e pmmA through Ito t*4eltee. Tto mj pm, m ft tetottei olV tnm the amttumte 
•ekfttou, eurri#® with ft a part at the twto itus eutowm «pb*tea eti matog 

tote eeuteet wife Ike t i wai ls ss wi t pltotettiu. Has to {ultewwl fey « twrteto «**lteg ' 
owing to the wmtotofe® w—tog, tot alter » *bert totervto ifei* to w*©»wwi, w 
ibto oh® teeth* «*xpteaton Mtew* alter aaottor. X»«rt»« tto parted of teikltx® without 
a* jtestea, white vapsmrs d amwmiw» toteite m S mb temre wp*w» *4 mu\m t4 nts»g « 
make lUbir appaamwa, white 4wto# the «*pto*te» tow te omptete wmherttaa «M 
wmiwqiMbtiy water Wt aUruge® am tacnwi 

“ This may to vertltea by ttoft Awuittea. Hite®*®* to 14 W«wa totiwwr |ton hydro, 
gsa, «ma amwmte la »J lime®, It » veiim®* of hyArw^*#* with I vtottmw «4 Mtewtst pm 
4 volumes ol ammonia, ttea ttwm 4 velueaw w*>at4 w*4$jti I? tteww m mtwh m 1 votottj# 
of hytintym ; otmiwqmmdy 1 toJiuw of wumnk w*ml4 to ij ut®w>* heavier than Use 
«m vi4m»a of hytln%e®< Itot M ttuwa 4 v®hu»M «dy giva « **4w»» i4 mem t N , 
tto tetter will bo Hi tlmw m 4mm m hytU«^«, whteh i# totw4 to to aattiaUy the 

** A^iuaeaa «s.4oU«wt <d am»«te aro U*htev than water, mA ai tr, 

^•.KkOt#, th*U gnwUrt as 4*f*tete»t on j», m ttw patwmtega «««»«» (hy 
wvSfht) of amm<«ute, la gim fey Um isq pr vteo n # * v.\m « «* fee * oat|» , l,> f toatetma, with 
10 p^. « «»,««?. M t r a pww a te thAtem{ter«fturafe«Sw^ Uwhoet® «»f 1 m ft4 a r to ,ih*» 
the «*sst##tee (14-4) (l*6rt) Uy) mmt fee tMsd te tto tend* ter tto partly, 

ielttttofts eeutetetaf mere Uwe M p4\ tov» m* U« iwtfflteteity totwifelgatedl to mtpMt 
te tha varWtei of theft apadfto unwity , It ft, bwwnvwr, m*f e* otoate tmm mmrnmskmA 
eoJftkteaii, waft at 0» tetotoa nppwaAij^ NIt*,Hgl (*« « p«. ftlbt to fcte ««pwtu«, 
ot up. p, ftfeS, »«*y to | WpM *a , Ifeit ae«4« ».4ttte«s«# pv*> mj. Ito fesift of ttoft 
nmmoate at tto onHiwy tem^mtoio, ** tUl mm tfeae W pa, K U t l# nml* «w»»tate«d 
to BoluUtm. Ammunteml s*teto»«» eeatetetog a «*osi4#»t4» «f gif# 

tee.llka ery stela whteh mm. to e<-«teto »w»#h at tmpmtwM ter tok« tf (ter te«tentf > 
6» 8 p^, solution at - U“, tfe« rttencMt ffoMtas* to - i*r ), tto wlwte of tto ameamte 
may to exptlM horn, a tetoto® fey tototag, «v« to a «s»j»rtoto«ty tew tetot^mtoiwi 
Imoe on tototog imaeous sfJtokma wteW»| w»i«« f ,te * VW f mmm mAmttm e< 
wamoate ft afetatoea to tto dteWtete Ateefeol, alltw, f«>4 mm U^ttote »»« ato>- 
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which is commercially known as spirits of hartshorn. Ammonia water 
is continually evolving ammoniacal vapour, and so has the characteristic 
smell of ammonia itself. It is a very characteristic and important fact 
that ammonia has an alkaline reaction, and colours litmus paper blue, 
just like caustic potash or lime ; it is therefore sometimes called caustic 
ammonia (volatile alkdli). Acids may be saturated by ammonia water 
Or gas in exactly the same way as by any other alkali. In this process 
ammonia; combines directly with acids, and this forms the most essential 


oapablo of dissolving ammonia. Solutions of ammonia, when exposed to tho atmosphere, 
give of! a part of thoir ammonia in aooordanoe with the laws of the solution of gases in 
liquids, which wo havo already considered. But the ammoniacal solutions at the same 
time absorb carbonic anhydride from tho air, and ammonium oarbonate remains in tho 
solution. 

Solutions of ammonia aro required both for laboratory and factory operations, and havo 
therefore to bo frequently prepared. For this purpose the arrangement shown in fig. 40 
Is employed in tho laboratory. In works the same arrangement is used, only on a larger 
eoalo (with earthenware or metallio vessels). The gas is prepared in tho retort, from 



Pro. 40.— Apparatus for preparing solutions ct ammonia. 


whonco it is led into tho two-neokod globe A, and then through a series of Woulfo'a 
bottles, D, 0, D, E. Tho impuritios spurting over oolleot in A, and tho gas is dissolved 
in B, but tho solution soon booomos saturated, and a purer (washed) ammonia passes 
over into tho following vessels, in which only a puro solution is obtained. Tho bonfe 
funnel tubo in tho retort prosorvos tho apparatus from the possibility both of tho pres- 
sure of tho gas evolved in it becoming too great (whon tho gaB osoapos through it into 
tho air), and also from tho pressure incidentally falling too low (for instanco, owing to a 
cooling offoot, or from tho reaction stopping). If this takes plaeo, tho air passes into tho 
retort, otherwise tho liquid from B would bo drawn into A. Tho safoty tubos in each 
Woulfo’s bottle, open at both ends, and immersed in tho liquid, sorvo for tho same purpose. 
Without thorn, in oaso of an accidental atoppago in tho ovolution of so soluble a gas as 
ammonia, tho solution would bo suokod from ono vosaol to another— for instance, from E 
Into D,.<fco. In ordor to clearly soo tho noqossity for safety tubes in a gas apparatus, 
it must bo- romomborod that tho gaseous pressure in the interior of the arrangement must 
exoood tho atmosphorlo pressure by the height of the sum of the columns of liquid, 
through which tho gas has to pass. 
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chemical reaction of to l* substance. If aulphurfe, nitric, aetdfe, or &oy 
other acid bo brought into contact with ammonia it absorb;* it, and in 
m doing evolves a large amount of heat and forms a compound having 
ail tile properties of a salt. Thu 5 *, for cx adipic, sulphuric arid, H s BO„ 
in absorbing ammonia, forma (or* evaporating the solution) two mite, 
according to the relative ipmu title* of ammonia awl avid One salt ia 
formed from NHa + MjSO*, and consequently ha« the romjx&ijtion 
KH*80 41 and too other i* formed from 8HH 4 *t and its com* 

position is therefore N i lI # H0 4 . The former ha* an add reaction and fcba 
latter a neutral reaetion, and they arc called roepcvtivuly acid ammonium 
sulphate (iummrniuiu hydrogen sulphate), and normal ammonium 
sulphate, or simply ammonium nulphate. The same token place In the 
action of nil other acid* ; but certain of town arc able t« form normal 
ammonium salUouly, whilst other* giv*d*oto acid and normal ammonium 
salts. This depend* on the nature of the arid and not on the ammonia, 
an we ahull afterward* see. Ammonium salt* aro very similar in appear* 
Mum and In many of their properties to metallic sal to j for instance, 
sodium chloride, or table «dt* resemble* eabammonlae, or ammonium 
chloride, not only in it* outward appearance but even in crystalline 
form, in it* proparty of living precipitate* with silver t&\u, in it* wdu* 
billty In water, and in it* ovolving hydrochloric acid when boated with 
tulphuriu add in a word, a mcmt perfect analogy h to W remarked 
in an entire twrtei of reactions. An analogy in composition te even 
if ml ammonia©, NII t 01, bo compared with table wait, Nad ; and the 
ammonium hydrogen sulphate, NH,H80„ with the sodium hydrogen 
sulphate, NaH80 4 j or ammonium nitrate, NH 4 NO* with sodium 
nitrate, NnN0 4 . 18 It Uaeen, on comparing the above compound*, that 
the part which sodium take* in the sodium salts in played in ammonium 
salt* by a group Nil*, which is called ummmmm. If table sgdi be 

** The analogy between the ammonium m4 wwliMn* wilte might ** »» fa W 
by the tael that the latter amt fomai from tb* alkali «r **14* sad at* ar-WI, with »H«* «*f** 
rattan of water, whilst ths wit* *» dimity fcm#4 from a«tm>mi« «4 an 

add, without th*> of water { bat the Mtatogy t» if w* e»*«i{nup«* adk to 

attttttwl* water,»4 Ukss QMwtte mm&* te * eomenawt «f *t«**w!t»te with water. Thti* the 
very pswMMUtoo of ammentem aalte town m»k a hyArata «4 sNUftanU will completely w* 
#*wb» <$» peprattet* of aodlwa sails from *4*. W* way «tt* m km »*ampte the wttea 
of hyimdstete arid «a both setotMwea 

ttsItQ te HOU * RjO 4 MaCt 

SodtambyamUte Syftmhtette mud Water Yahteaatt 

NII*HO * U01 ** HgO * 

A»mo«l*m hydroidde UytixmMam m\4 Water (ki.ammwatee 

Jhwt m te nod* the hydroxyl or *f«m radiate OH te itpaorf by eMortoe, no ft f» te 
swmemte hydrate. 
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nailed ‘sodium chloride/ then sal-ammoniao should be and is called 
* ammonium chloride/ 

The hypothesis that ammoniaoal salts correspond ■with a complex 
metal ammonium bears the name of the ammonium theory . It was 
enunciated by the famous Swedish chemist Berzelius after the proposi- 
tion made by Ampere. The analogy admitted between ammonium and 
metals is probable, owing to the fact that mercury is able to form an 
amalgam with ammonium similar to that which it forms with sodium 
•or many other metals . The only difference between ammonium amalgam 
•and sodium amalgam consists in 'the instability of the aitnmonium, which 
easily decomposes into ammonia and hydrogen. 14 Ammonium amalgam; 
may be prepared from sodium amalgam. If the latter be shaken up 
with a strong solution of sal-ammoniao, the mercury swells up violently, 
and loses its mobility whilst preserving its metallic appearance. In so 
doing, the mercury dissolves ammonium — that is, the sodium in the 
mercury is replaced by the ammonium, and replaces it in the sal- 

11 Woyl (1804) by subjecting sodium to the action of ammonia at the ordinary tem- 
perature and under considerable pressures, bbtained a liquid, which was subsequently 
investigated by Joannis (1889), who oonflrmed the results obtained by Weyl. At 0° and 
tho atmosphorio pressure the composition of this substance is Na + S'SNII^. The 
removal (at 0°) of ammonia from tho liquid gives a solid copper-red body having the 
composition NHgNa. Tho determination of tho molecular weight of this substance by 
tho fall of tho tension of liquid ammonia gavo NsIIqNoj. It is, therefore, free ammonium 
in which ono II is roplaood by Na. Tho oompound with potassium, obtained under tho, 
earno conditions, provod to havo an analogous composition. By tho decomposition of 
NHjNa at the ordinary temperature, Joannis (1891) obtained hydrogen and sodium- 
amido NH a Na in small colourless crystals which were soluble in waters Tho addition of 
liquid ammonia to motallio sodium and a saturated solution of sodium chloride, gives 
NHaNagOl, and this substanoe is sal-ammoniao, in whioh is replaced by Noj. 

If pure oxygon bo passed through a solution of these compounds in ammonia at a 
temperature of about — 60°, it is seen that the gas is rapidly absorbed. The liquid gradu- 
ally loses its dark red oolo.nr and beoomes lighter, and when it has become quite colour- 
leas a gelatinous precipitate is thrown down. After the removal of the ammonia, this 
precipitate dissolves easily in water with a considerable evolution of heat, but without 
giving off any gasoous produots. Tho composition of the sodium oompound thuB obtained . 
is NHaNftnllO, whioh shows that it is a hydrate of bisodium-ammonium. Thus, although 
froo ammonium liaB not boon obtained, still a sodium substitution product of it is known 
which corresponds to it as a salt to a hydrate. Ammonium amalgam was originally ; 
obtainod in exactly tho samo way as sodium amalgam (Davy) ; namely, a piece of boU 1 
ammoniao was taken, and moistened with water (in order to ronder it a conductor of 
electricity). A cavity was made in it, into whioh moroury was pourod, and it was laid on 
a sheet of platinum connootod with tho positive polo of a galvanio battery, while thn 
negative polo was put into connection with tho mercury. On passing a current the 
moroury inoreasod considerably in volume, and became plastic, whilst preserving its 
motallio appoaranoo, just as would ho tho case wore tho sal-ammoniao replaoed by a lump, 
of a sodium salt or of many other metals. In tho analogous decomposition of common 
metallic salts, tho metal contained in a given salt separates out at the negative pole, im- 
mersed in moroury, by which tho motal is dissolved. A similar phenomenon is observed- 
in the case of sal-ammoniao ; tho elements of ammonium, NH*,' in this case are also 
oolleoted in tho mercury, and uro retained by it for a certain time. 
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ammoniac, forming sodium chloride, NII 4 C1 +• HgNa=aNaCl + HgNH <( 
Naturally, the formation of ammonium amalgam does not entirely prove 
tho exiaUmco of ammonium itsolf in a acjamto state ; but it shows the 
possibility of this imbalance existing, ami its analogy with tho metals, 
because only metals dissolve in mercury ta Ammonium amalgam crystal* 
lisei in oubeis, three times heavier than water ; it k only stable in the 
cold, ami particularly at very low temperatures. It begins ?>.» decompose 
at the ordinary temperature, evolving ammonia and hydrogen in the 
proportion of two volumes of ammonia and one volume of hydrogen, 
NUtSKNIlj + il. by the action of water, ammonium amalgam gives 
hydrogen ami ammonia water, just as sodium amalgam gives hydrogen 
ami sodium hydroxide ; and therefore, in accordance with the ammonium 
theory, ammonia water must tro looked on oa containing ammonium 
hydroxide, NH 4 OH,' 8 just m an aqueous solution of sodium hydroxide, 
contains NaOJI. Tho ammonium hydroxide, like ammonium itself, is 
an unstable substance, which easily disauciatea, anti can only exist in 
a free state at low temperatures,* f Ordinary mdutions of ammonia 
*nu«t l>e looked on as tho product* of the diasockthm of ihla hydroxide, 
inasmuch an NII 4 OH«bNH # + ll a t>. 

All cumnoni&ctd «alU c/rrom/«>«» at a to/ hmt into ammonia and an 
add, which, on cooling in contact with each other, re eombino together. 
If the add be non- volatile, the ammoruaml exit, when head*!, evolve* 
the ammonia, leaving the non-volatile acid behind ; if the acid be 
volatile, then, on heating, troth the acid ami ammonia vutatiliw together, 
and on cooling re-oombine into the salt which originally served for the 
formation of their vapouri.’ 1 * 

We may menlioo, bwwew, that tutdar pariiesUar «**shtk*«» hydrogen is «4ao 
enpabl® at forming an amalgam raaembliog th« of anummum. if <m amalgam 

0t dm be ati&fcea vtp with w* squeeae solution at plxUmitn eWorld*, without mr$m at 
air, than a spemgy imm la formed which ea*Uy daeompoww, with Ura evolution of 

liytlKlRCW. 

** W« saw above that the «d ability o( ammonia la w»fa*r at J«» tetuperatanm attains 
to the molecular ratio N H s + Hyt), la whbh th«*r> t»ttb#t*»»«* ar» sen Wtud in rsnetlo 
ammonia, u«4 jierhspa It may lw pooaibbi &l MuSHidittgly h*w lmnp*ulmm to obtain 
ammettiam hydroxide, NH,Uu, la a solid farm. Regarding (Miniums a» *il**«ekt«4 
Mto oonpooa&s, we thnaki aws a «sw&&mt«4k>n of this view in the property shown by 
ammonia of Mag extmaely Soluble la water, and in m dairif el appraaehtng k» tb» 
limit HK*BQ» 

** la eoa&mxtioa, at the troth of tUiw oooelftatwn we Ut« wnavkabk fast 

that then* exist, la a free slate tut eamparaUvety etabk Mnpmiada, a eerie* of alko- 
thio hydroxides, NR^ItO, whteh am parfetity analogous y» *ma»«it(tta hy<!r«ski«, and 
present a striking r —m bla na s to It ami to aotUttM hjdw»*We» with the «»«ly tUffenmofr 
that the hydrogen la Nlt*HO is ropbend by ecaspb* gmttpe, K-CH+, L‘ y U* As., ft* 
tmtaem N(CH s )*lIO. Detail# w4U b# found bt Mgasto sW»t»try, 

» Tb# fact Ural tutmwnlaeal salts are dMmp&»<4 when ignited, and not simply 
sublimed, may ba proved by a three! SKpsarhnoM with mX-wmimttm, NH 4 C1, which la a 
state of vapour l# daoompoaad lato asunoak, NU«,aad hydmehkrb add, IIC1, a# trill 
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Ammonia is not only capable of combining with acids, but also 
with many salts, as was seen from its forming definite compounds,. 
AgCJ,3NTI a and 2AgCl,3NH 3 , with silver chloride. Just as ammonia 
is absorbed by various oxygen Salts of the metals, so also is it absorbed 
by the chlorine, iodine, and bromine compounds of many metals, and in; 
CO doing evolves heat. Certain of these compounds part with their, 
ammonia even when left exposed to the air, but others only do so at a 
red heat ; many give up their ammonia when dissolved, whilst others 
■dissolve without decomposition, and when evaporated separate from their 
Solutions unchanged. All these facts only indicate that ammoniacal, 
like aqueous, compounds dissociate with greater or leaser facility. 10 
Certain metallic oxides also absorb ammonia and are dissolved in 
ammonia water. Such are, for instance, the oxides of sine, niokel, 
copper, and many others ; the majority of suoh compounds are unstable. 
The property of ammonia of combining with certain oxides explains 
its action on certain metals. 20 By reason of suoh action, copper vessels 
are not suitable for holding liquids containing ammonia. Iron is not 
noted on by suoh liquids. 

The similarity between the relation of ammonia and water to salts 
and other substanoes is more' especially marked in those cases in which 
the salt is capable of combining with both ammonia and water. Take, 
for example, copper sulphate, CuS0 4 . As we saw in Chapter I., it 
gives with water blue crystals, CuS0 4 ,5H 2 0 ; but it also absorbs 
ammonia in the same molecular proportion, forming a blue substance, 
CuS0 4 ,5NH a , and therefore the ammonia combining with salts may 
bo termed ammonia of crystallisation, 

Suoh are the reactions qf combination proper to ammonia. Let us, 
now turn our attention to the reactions of substitution proper to this 
substanoe. If ammonia be passed through a heated tube containing 
metallic sodium, hydrogen is evolved, and a compound is obtained 

bo explainod to tlio following obapter. The readiness with which ammonium salts dooom- 
poso is soon from tho foot that a solution of ammonium oxalate is decomposed with the 
evolution of ammonia evon at —1°. Dilute solutions of ammonium salts, when boiled, 
■give aqueous vapour having an allialiuo reaction, .owing to tho prosonco of free ammonia 
given off from tho salt. 

w Isambort studied the dissociation of ammoniacal oomponnds, aB wo ln\vo soen in 
■Note 8, and showed that at low temperatures many salts aro able to combine with a 
«t!ll greater amount of ammonia, which pxovoB an entire analogy with hydrates’, and as 
in this ease it is easy to Isolato the definite compounds, and as tho least possible tension 
of ammonia is greater than that of water, therefore tho ammoniacal compounds present 
a groat and peouliar interest, as a moans for explaining the nature of aqueous solo- 
<tlons and an a confirmation of tho hypothesis of tho formation of definite compounds in 
thorn ; for these reasons wo shall frequently refer to these oomponnds in the further ex* 
position of this work. 

*° Chapter V., Note a. 
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con taining itramoniii in which one atom of hydrogen ia replaced by an atom 
of sodium, M H # N» (according to thotKjuation Nil 3 4- Na w N n 3 Naf H), 
This body is teraiod ftudium amide. Wo »htdl ufterwunl-; urn that 
iodine and chlurl net an* akmmj table of directly displacing hydrogen from 
attirndnia, and of replacing it. lu fact, the hydrogen of ammonia may 
tm replaced in many ways by different eleiueitts. If in this replacement 
nh, renmina, the resultant sulattanres NH^It are called timitlra, whilst 
the aubfltitution products, N I Ut,. in whieh only NH remains, are called 
imidfe#,* 0 ,,la and those in which none of the rttrmmmaoal hydrogen 
remains, Nlt„ are known as nitrile*. Free amidogen, N 4 U 4 , ia now 
known in a statu of hydration under the name of hydnuino , 81 it com- 

MifeO If, tide, Nit, hast M«»t Iwpii obtained in a t f<» wlal t\ Nut lls hv4f>w'hb.u>' weld salt, 
NHHCI, lie* apparently been obtained (Imtui by Ma*iro»n<< l*y igniting tlm dcrnbte 14* 
ehtoridw of platinum amt ammonium chloride, l‘t * SIN I , Nitltt‘1 It fat 

soluble in water, and prystalliiwa from its w4ttti**ii tt» hr»«g..nsl rhombic prums. Itgim 
a double mil with FwCI* t»f the composition bVCysNlilin Tl»» »*lt la similar 

(ictmtoi U4 with the Host p*w>«4bte product of llt« mctelcpwi* t > t mnumim, NH.rj, although 
it 4 ,h*ii not reanndda it in any of Ste iwnperttew. 

« I'tw ivnhttyan or hyJnmw, N 3 U ( , or liNK,. vr*» prepared by (‘urtlu# (|nttf) by 
tonuts of ethyl diawoawtete, or trlawowootu’ west <’nrtiu» and Jay (l»«u,i showed tliat 
fcriasouentio acid, &UNVCO0H (Urn formula should W wi|4*4», »W healed with outer or a 
mluer«4 add, given (quantitati roly) oxatte acid and amobiten thydrswine), t*UN|UtK)H 
+ Ifi^O »(!|0i(011)j+ N3U4 ~*i*. (empirically), the oxygen *4 the water trpWes the nitro- 
gen of tbs atoeeetto sold. Tb* unMufus is Urns obtained in the term of * #uN. With 
acids, amidopo forms very stable salts of ttm two types N,H,1{X and N«!i 4 H t X 3 , as, 
tor rwample, with KOI, Kjttf)*, As. These walls are easily crystallised ; in wool solutions 
they aot as powerful rwduelug agent*, evolving nilr.ytvM 1 «lu>»* ignited they ar» dewm* 
posed Into anmumiaowl salts, nitrogen, and byde-gen ; with nitrite* Slow mie^na, 

Tim sulphate NsKolIfBO* is wparitmly soluble u* cold water fa parte in linn of water!, 
but ia very soluble in hot water; ite wpwdfte gravity is i sjs, tt (»•»• at 854 w*lb de- 
eompcaillon. The bydreeltliindn NjlI^llHC'l ery»t«iliwa in i«*ta)t«4ra, ia rrrjr tnduhh* 
in water, but not in alrebwl ; it hnuw at 1W\ srolring bjr4r*^}»n rbt..rl«l« »i>4 f»rmittg 
Uu* salt NjUJU’l; whim tepidly heated it with m »«)>h>wi>m ; with piattnki 

ohloridu H immsdiately wvoIvim niteogwn, forming pUUmuta w44»»rt*lo. tty tins action of 
alkalis tha walta Nrlf^fiKX give Aydrote 0/ amtJvgm, Nj.K4.KjO. whteh i« n fuming 
liquid (wpedfie gravity 1C8), tenliug at )lir\ almost withwut odour, and *»}»,«*» aquoniM 
solution correde* glaaa and imltarnbbwf, baa an alkaline twwte and js.i*..w>u# pr«p«rttea. 
The reducing capwitina of the hydrate are etearly w *m% fern* th*. favt that it redrew the 
mhUla platinum and stlvar f mm tbwir mdute-n*. With *»*hte it w»pb4«». It 

rtfteta direetly with lb# aldehydes 80, terming K,tt, and waist ; f«r «ss«w|4n, with Wrt*. 
aldahydea H gives tits very wtebte inwoluhls km/mlmiw fr.!M*»tNl, of a yelb.w wtent 
W« may add tlmtbydte*t»m often forma d<ml4« «Ute; f»»r stiuHpte. MgWt > 4 N jlf ,lI,BO, 
fut KClNjUjItl’l, and that it is al** formed by lh*» action of nitr>m« iwtd w|»»n wUtehydm 
ammonia. The pfoduate of th« sulmtituthm of ih*- hydrogen in hydro*!*** by hydro- 
oarbon groups It (It <(111,4. O-jlL, 0*Hs, d«-.} obtained before hydrwdnw Itself ; for 
example, NKItNHj, NRjNKj, tmd (KRUfy, 

The heat of aolutitm of the enlphurk arid m\% fl part in «t» «n l ftwt parts of water 
at I0-«) is equal to -8'7 0. AMMitef'lo ItertbwU and Mategon {\m\, tb» hwatof 
twntmlbwUon of hydmwlrm by sulphnite arid is + M 0. amt by hydnwhhwie m<\& 4 lift 
g&«a hydrasino is a very fwwblw bMw, for its hmt of waturaihm is rwt only low*#- than 
oi ammonia (+MH 0. for HC1J, but oven Wow that of hydrotyUmirm { ♦ m 04 
Thu beat of IwnuaUim from the tdemute of hydrated hydsa«i«« C w«ai®d«edl 
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bines with acids and resembles ammonia in this respeot, In the notion 
of different substances on ammonia it is the hydrogen that ie substituted , 
whilst the nitrogen remains in the resultant compound, so to say, un- 
touched. The same phenomenon is to be observed in the action of 
various substances on water. In the majority of cases the reactiona 
of water consist in the hydrogen being evolved, and in its being 
replaced by different elements. This also takes place, as we have seen, 
in acids in which tko hydrogen is easily displaced by motals. This 
chemical mobility of hydrogen is perhaps connected with the great 
lightness of the atoms of this dement. 

In practical chemistry Sl bU ammonia is often employed, not only for 
saturating acids, but also for effecting reactions of double decomposi- 

from the heat of combustion, determined by burning N 3 Hj,H a SO,j in a calorimetric bomb, 
+ 127‘7 0. Thus hydrazine is an endothormal compound ; its passago into ammonia by 
tho combination of hydrogen is aooompanied by the evolution of 51 - 0 C. In tho prosonoo 
of an aoid Jihoso flguros woro greater by + 14*4 0, Honoo tho dlreot converse passage 
from ammonia into hydrazine is impossible. As regards tho passago of hydroxylamino 
into liydrazino, it would bo accompanied by tho evolution of heat ( + 21'5 C.) in an aquoouB 
solution. 

Amidogen must bo rogardod as a oompound wliioh stands to ammonia in tho same 
relation as hydrogen poroxido stands to water. Wator, H(OH), gives, according to tho 
law of substitution, as waB clearly to bo oxpootod, (OII)(OH)— that is, poroxido of hydro- 
gen is the froo radiolo of wator (hydroxyl). So also ammonia, H(NH#), formB hydrazine, 
{NH 3 )(NH 3 )— -that is, tho froo radicle of ammonia, NH a , or amidogon. In tho caso of 
phosphorus a similar subetanco, as wo shall aftorwards boo, has long boon known undor 
tho namo of liquid phouphuroUod hydrogen, P a IIv 

si tin i n practice, tho applications of ammonia arc vory varied. Tho uso of ammonia as 
a stimulant, in tho forms of tho so-called ‘smelling salts’ or of spirits of hartshorn, in 
oasos of faintness, <fco>, is known to everyone. Tho volabllo oarbonato of ammonium, or a 
mixture of an ammonium salt with an alkali, is alao employed for this purposo, Ammonia 
also produces a well-known stimulating oitoot when rubbed on tho Bkin, for which reason 
it is sometimes employed tar external applications. Thus, for Instance, tho well-known 
volatile salve is prepared from any liquid oil shaken up with a solution of ammonia, A 
portion of tho oil is thus transformed Into a soapy substanoe. The solubility of groasy 
eubstanoos In ammonia, which proceeds from tho formation both of emulsions and soaps, 
explains its uso in extracting grease spots. It is also employed as an external application 
for stings from insoots, and for bites from poisonous snakos, and in general in medicine. 
It is also romarkablo that in oasos of drunkenness a few drops of ammonia in water taken 
Internally rapidly rondurs a portion sober. A largo quantity of ammonia ie used in 
dyeing, cithor for tho solution of oortain dyos— -for example, carmine — or for ohanging 
tho tints of othoni, or else for neutralising tho action of acids. It is also employed in 
the manufacture of artificial pearls, For this purpose tho small scales of a peculiar 
small fish are mixed with ammonia, and tho liquid so obtained iB blown into small hollow 
glass beads shaped like pearls. 

In nature and tho arts, liowovor, ammonium saltn, and not free ammonia, are most 
frequently employed. In this form a portion of that nitrogen which is necessary for tho 
formation of albuminous substances is supplied to plants. Owing to this, a large 
quantity of ammonium sulphate is now employed as a fertilising substance. But the same 
effect may bo prnducod by nitre, or by animal refuge, whieh in decomposing gives 
ammonia. E’er tlds reason, an ammoniacal (hydrogen) oompound may be Introduced into 
the soil in tho spring which will bo converted into a nitrate (oxygon salt) In the summer. 
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tion with edits, and especially for separating inwlubhs batio hydroxide* 
from soluble salt*. Let MHO stand for an insoluble basic hydroxide 
mid HX for an acid. Th® salt formed by them will have a composition 
MHO + XH-H a O « MX, If aqueous ammonia, HH/>U, bo added 
to a solution of this aalfe, the ammonia will change places with the 
metal M, and than form the insoluble kudo hydroxide, or, as St it said, 
give a precipitate, 

MX 4* NH<(OH> •» NH,X 4* MHO 

Salt of tto metal- Aijitwms ammonia, Amiimnlem «*lt. Bustle hydrate. 

In solution In eolation In a«totlt>n A* {>r*«h>itato 

Thus, for instance, If aqueous ammonia it added to a solution of ft 
twUfc of aluminium, then alumina hydrate k separated out m a colourless 
gelnti nous preoipitftto V 

In order to grasp Mm relation between ammonia and the oxygen 
compounds of nitrogen it is necessary to recognis® the general hut of 
mtbiiiMiofh applicable to all costm of substitution k»twwm element*, 18 
Mid therefore showing what may be the cmhm of »ui»ititutlon between 
oxygon and hydrogen as component part# of water. The kw ».f nub* 
stltution »my ba deduced from mechanical principle* if the molecule be 
©cmwdvftd an a system of elementary atoms occurring in a certain them leal 
and meehftuieal equilibrium. By likening th*» molecule to a Byatom of 
bodies in a itate of motion-' for Instance, to the sum total of the nun, 
planets, and satellites, exiting in conditions of mobile equilibrium — 
then we should expect the or tion of ono part, in thin -system, to bo 
equal and opposite to the other, according to Newton's third law of 
mechanic*, Hence, given a molecule of a compound, for Instant*, 
H|0, NH a , NaCl, HO, he., its every two port* mutt in a chemical mtrn 

w A« certain took hydrate* form pacmlfor eem|ws»»4* with ammonia* in worn ewwst 
It happens that the first portions of tmmmi* *44*4 tw m •wtntinit *4 a **k prwltww a pna 
alpitsUtt, wWbtt fte «A4itto& at a fresh quantity el ammonia 4l«**4**« this pm. <p* lata it 
kht onmumkeoi cwttprnmA of the iawm to *»tol4i» i# water. Thi#» f«r etompto, take# 
place with the copper salt#, But alumina ito** tmt 4l**»lr« m-Ut tto«M rireamekam. 

** Whan the Meweat Md«rte% m we shall afterward# tmm» f«% tom, i*{4ihn» the 
element hydrogen, the WMttasi by which sash as #«!(»«$** t» »eeRMipltshe4 pt&epp&t 
M k tutoUtuUoa, AH a 01, m AQk ItOl, on that two atttoUftemt, All o*4 chtortse, venal 
C*b each other, mid two sstot s a oos, AW &f*4 H(g ant fnmat j *s4 farther, two mcdwttk* 
fetol m mdh ether, and tw« others are formed. The m»tt*» |w**«»4* tmry easily, tot 
the enhatitutUm Of one element, A, by another, X, Amm not always prum«4 with »«*h 
Case, Meant®**, or tteplteft y. The wtotltattoa betw e en mf§m mi fey*!.reg«n Is very 
Waly by th# mMm dl Ito free etewt*. tot the wtotilutww* totw«*» 

tbeee elmnente, «« for aneftor, forma the meet mm rrf useUttoi ask rwloitioa. 

In yaking of Use kw el tmbstfkttea, I have i», view tto imtoUtatfoo *4 tto 4««t» 
wc hy another’, ami not the dtmt nmOhh el Mtotltattoa. Tto kw of rnttofolotten 
Aetoroines tlm eyde of the oo mbk atfo n a 4 a |if«» If » few ©f ft# oempooMlc 

(tor te-Bkare, th# hydrogen s Miipoande) to tomwo. A of Ito eoneeptloM 

of the law of sutoUtuUoH may to found to my tortttF* ni»«n »t ito Royal tetttoUea to 

tmfoB) itod. 
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represent two things somewhat alike in force and properties, and therefore 
every two parts into which a molecule of a compound may be divided 
are capable of replacing each other. In order that the application of 
the law should become clear it is evident that among compounds the 
most stable should be chosen. W o will therefore take hydrochloric acid 
and water as the most stable compounds of hydrogen. 24 According to 
the above law of substitution, if the elements H and Cl are able to 
form a molecule, HC1, and a stable ono, they are ablo to replace each 
other. And, indoed, we shall afterwards see (Chapter XT.) that in a 
numbor of instances a substitution between hydrogen and chlorine can 
tako place. Given RH, then ROl is possible, because HC1 exists and 
is stable. The molecule of water, H 2 0, may be divided in two ways, 
because it contains 3 atoms : into H and (HO) on the one hand, and 
into H fl and 0 on the other. Consequently, being given RH, its 
substitution products will be R(HO) according to the first form, and 
R 2 0 according to the second ; being given RH 2 , its corresponding 
substitution products will be RH(OH), R(OH) 2 , RO, (RH) a O, Ac. 
Tho group (OH) is tho same hydroxyl or aqueous radicle whioh we 
have already mentioned in the third chapter as a component part of 
hydroxides and alkalis — for instance, Na(OH), Ca(OH) 2 , &c. It is 
evident, judging from H(HO) and HC1, that (OH) can bo substituted by 
Cl, because both are replaceable by H ; and this is of common occurrence 
in chemistry, because motallic chlorides — for oxamplo, NaOl andNH 4 01 
— correspond with hydroxides of tho alkalis ]STa(OH) or NH 4 (OH). 
In hydrocarbons — for instanco, C S II 6 — the hydrogen is replaceable by 
chlorine and by hydroxyl. Thus ordinary alcohol is 0 2 H 6 , in which 
one atom of H is replaced by (OH) ; that is, C 2 H 4 (OH). It is evident 
that the replacement of hydrogen by hydroxyl essentially forms the 
phenomenon of oxidation, because RH gives R(OH), or RHO. 
Hydrogen peroxide may in this sense be regarded as water in which the 
hydrogen is replaced by hydroxyl ; H(OH) gives (OH) 2 or IT 2 0 2 . The 
other form of substitution — namely, that of 0 in the place of H a — is 
also a common chemical phenomenon. Thus alcohol, C 2 H G 0, or 
O a Il«(OU), whon oxidising in tho air, gives acetic acid, 0 3 H 4 Q 2 , or 
C a H 3 0(0H), in which H a is replaced by 0. 

In tho further course of this work wo shall have occasion to refer to 
tho law of substitution for explaining many chemical phenomena and 
relations. 

m if hydrogen peroxide ho taken as a starting point, then still higher forms of oxida- 
tion than thoBO corresponding with water should bo looked for. They should possess the 
properties of hydrogen peroxide, especially that of parting with their oxygen with ex- 
treme e&so (even by contact). Such compounds are laiown. Pemitric, persulphurio, and 
similar aoida prosont these properties, as we shall see In describing them. 
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We wfltwm* apply thaw conception* to ammonia In order to ae© {?« 
relation to the oxygon com pound a of nitrogen. It in evident that many 
guUat&iwa nhoultl Iks obtainable from lummmift, Nil,, sir twjueoti» 
.ammonia, NH^OH), by nubitl toting their hydrogen by hydroxyl, or H* 
by oxygen. And such la the ease. Use two extreme caeca of such tub* 
fititutbu will be m follows ; (l) One atom of HinNHy is eub^tituted by 
(OH), and NH a (OH) la produced. Hm-lt a nulmtam-e, nlill containing 
mueh hydrogen, should have many of the pmjmrtlp* of ammonia. It u> 
known under the name of A ydnuryhtm i w k a ' and, In fact, in capable, like 

n Y)j*t of lij<lr«>*yl(unine »s5ls }»y4fi«4«torto wad Um lb« pwmptMilloA 

that Sb, it Is pa It ftblieed »*) Mnmowto li wax {sro* 
p&ml hy ttocaen ill InUfi tjf the pottos «4 tin w»4 hydrmehterto arid 4ii iha prawnc* of 
water cm n MtWtes palled ethyl iiltisU, to which ease the ltWi»U4 fr**m lb* 

hydroohh>rl« notd by th« tin stria wj^m the element* r>t niuio *rbl -» 

C’|lt a ‘NO| + OJf + HtJl - NlipK'l * I!#) ♦ CJI 4 OH 

Ethyl nitrate Hydrogen from Hy 4 m*yl*telwo » HCi Water Abated 

HCI find Be 

The* h» this osww tto nitrin acid l» »lw»xidl**»4, n«t directly Into nitrogen, tint Into hydroxyl* 
Main#. Ilydroxykunlne is plan h«m«l hy |m*»sng nitric oxide, NO, tote n mtxtuni «4 tih 
eud hydweWoriaiuitd— Unit l*, by the actum «( the hydrogen »«t4ved an th© uilrte 
NO % lit r HCtolNItiCKJto and In many otW ease* AnmnliAg to lewsken's method, ft 
xntrttur# <4 W parts *4 tdhxl nlteate, 190 part* i4 t»«, and to part* * t a feduthm of hydro* 
etoorift wdd of sp gr. 14» M# taken. Aftor * cwrUiu time the r«a* thm Muunimt** 
ejxmteROOtwly. Whin the tvmUm ban e****4 tb«« tin l» M»par«ted by inea*«»4 hydrogen 
ttulphkte, itomUsltos Iss evaporated, and a Ur»« amount <4 «abM»mnhi*«> W the* obtained 
(owing to the ferttoe totem «4 hydrsfnn m lb# bydwxybunin* ntmpctmd, the hydrugsA 
taking »p oxygon from it and terming water) i a w4«u«m nlttmately remains ennumiof 
tho bydroxylawhw aajtj this salt la 4iaw4f©4 i*s anbydenu ah»4«4 and pnrtllwl t>y the 
addition of pktuiutn nhhwldn, wbteb pWipiUI** any M*w»al«M salt «lUI tntnaiuittg to 
Ova isolation. After Rtmeentrating tbaal«f«bi4*» •*4«tto»n Urn hydrwiyUmlno hy.lrm hterlilo 
atparatea Us ery*Ula This »«h»tar»ra m*]i* at aWl 1W J , and In m 4<4»g der,.mj,io### 
into nltrcgan, hy«lr<gon ehteride, wpter, and »»l amnxmlw. A aniphnrln swld r««n* 
pound of hydrexylamints nsay ha obtained by mixing * *4 eli-m >4 th«t ahwo wilt 
with *ui|4usrio swld, Tim tmljthate la 4«o «*»l«hla in water Uk« Uw bxdtwobtesrida J 
*tbte ssliowa that hydroxylamlno, him MMtemia iteaif, f»m»t » mtim ef aalta In whirb 
ft®id may bo aahxtltuted for anoUsnr. It might to Mpwtel that by mixing a alrong 
■otalloB cl a bydmxy larnitm salt with a anlttUcm of a rawatte alkab bydr.»*yUml«« sta»3 
Would to litorated, Jcsat M Mi suntm-nisi *4t under ttosw elrmimaUnrea «xr4x«a artunonM) 
tot th« litorated fcjdrexyluatat U Imm^ltetety d«om|*wi«l with tb» f^atum «.{ totro* 
«•» Mtsmwito (atid protobly AltoMM e*U»h Utll«0*)flt| * bH*u . H*. X>il«to 
MlitUoM glvo tto mm rsNsetltm, alUKWgh wry nlwwiy, tot by » AdnUmt ssf 

tim inlptoic! with toilnm bydroxkte a anMa amount *4 hydmxylamton U «htei«*l to 
eolfetten (H i* pturUy d«oompo«ad). IlydroxyUmten to imlnUan, tike Mwmml*, 

pcenipUntea tomu hydrates, w»4 it dwxhti®*# tb« t4 feitear, w4 ntbev 

testids, Fm IsydwylMniss# was, ebteinwj by Eebry Am Xtmyn (l«si). It ta a «©WL 
eeUmrtessa, oryntelUne futotenw, wlttoal odoar, whteb 4**# not m4l UUw m\ It \m 
this imjpsrty 4 dlugotetog nctelUo mil* - ter IttetaM*, mmbm* rhb,#iite. llydr.jxytolw, 
when rapidly htmkd with platinum, daonaipnaeu with a ftteds and the teremiteu «4 » 
rellow fliwao. It is almost iniotehk in ordinary m\tmU Uto M-m4ntm, \mmlm, mto 
other, suvd carton ' ’ 

«0 per esnb (*p, gt 
ebaago, Ltory d 
tPto aalt wan first 


osauipwott, it* a*jo#wu»’»omtten* are totensbly eteble, estate tip to 
r. J‘16 at W ), and may to h«j4 ter many week# witbeut mniwgakttg mj* 
i« Itruyis used tto hydmbterte «4t to i.mtar# p«r» hycto-xvUmioo. 
testtod with sodium methykte (CU^oO), Md tWtebyl S woo 
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ambjonia, of giving salts with acids ; for example, with hydrochloric* • 
acid, NH 3 (OH) Cl — which is a substance corresponding to sal-ammoniac, 
in which one atom of hydrogen is replaced by hydroxyl.*® Ws (2) The 

addod to tlxo mixture. The precipitated sodium chloride was separated from tli'o solution 
by filtration. (The methyl aloohol is added to prevent the proolpitatod'ohlorido of sodium, 
from coating the insoluble hydrochloric salt of hydroxylomine.) Tho methyl alcohol was 
driven off under a prossuro 150-200 mm.,»and after extracting a further portion of methyl 
aloohol by ether and several fractional distillations, a solution was obtained containing 
70 per cent, of froo hydroxylamlno, Q por cent, water, 0*0 per cent, ohlo'rido of sodium, and 
12*1 por oontf. of tho hydroohlorio salt of hydroxylamlno. Puro froo hydroxylamlno, 
NH s O, is obtained by distilling under a pressure of 00 mm. j it then boils at 70°, and 
eolidiflos in a condenser cooled to 0 5 in the form of long noodles. It melts at 88°, boils 
at C8° under a prossuro of 22 mm., and has a sp. gr. of about 1*285 (Brllhl). Under tho 
action of NaHO it gives NHj and NH0 3 or N 3 0, and forms nitrio aoid (Kolotoff, 1808) 
undor tho aotion of oxidising agents. Hydroxylamlno is obtained In a groat number of 
eases, for instance by tho aotion of tin on dilute nitrio aoid, and also by tho action of 
eino oh ethyl nitrate and dilute hydroohlorio aoid, &c. The relation botwoen hydroxyl- 
amine, NH 9 (OH), and nitrous aoid, NO(OH), whioh is so clear in the sense of the law of 
substitutions, beoomos a reality in those oasos when reducing agents act on salts of 
nitrous aeid. Thus Itasohig (1888) proposed the following method for tho preparation of 
tho hydroxylamlno sulpliato. A mixture of strong solutions of potassium nitrite, KNOu» 
and hydroxide, KIIO, in molecular proportions, is prepared and cooled. An excess of 
sulphurous anhydride is thon passod into tho mixture, and the solution boiled for a long 
time. A mixture of tho sulphates of potassium and hydroxylamlno iB thus obtained : 
KN0 3 -h KIIO + 2SO3+ 2II 3 0 “NHj(0H),H a S04+KaS04. Tho salts may ho separated 
from oaoh other by orystalllsation. 

u iii« j n order to illustrato tho application of tho law of substitution to a givon case, 
and to show tho connection between ammonia and tho oxidos of nitrogen, lot us considor 
tho possible products of an oxygen and hydroxyl substitution in canstia amm.onia, 
NIIj(OH). It is ovidout that tho substitution of H by OH can glvo : (1) NH 8 (OH)s 5. 
(2) NII a (OH)j! (8) NH(OH), t ; and (4) N(OH) 6 . They should all, like caustio ammonia 
itself, easily part with water and form products (hydroxylic) of the oxidation pf am- 
monia. Tho first of thorn is tho hydrato of hydroxylamlno, NH 3 (OII) + 11 3 0 ; tho sooond, 
NH(0H) 3 +H 3 0 (and also the substanoo NH(OH) 4 or NHjO a ), containing, as it does, 
both hydrogen and oxygen, is aide to part with all its hydrogen in tho form of water 
(whioh oould not bo done by the first produot, since it contained too little oxygon), forming, 
as tho ultimate produot, 2NH 3 (OH) 3 — 5H 3 0«*N 3 0 — that is, it corresponds with nitroua 
oxide, or tho lower dogroo of the oxidation of nitrogen. So, oIbo, nitrous anliydrido 
corresponds with tho third of tho abovo produces, 2NH(OH),,— CII 3 0 =■> N 3 Oj, and nitrio* 
anhydride with tho fourth, 2N(OII)j— 6H 3 0»N 3 0j. As, in thoso throe equations, two 
moloculos of tho substitution products (-5II 3 0) aro lakon, it Ib also possiblo to combine 
two different produots in ono equation. For instaheo, tho third and fourth products > 
NH(01I) 4 +N(0n)j- BII 3 0 corresponds to N 3 0 4 or 2NO a , that is, to poroxido of nitrogen. 
Thus .all tho five (noo later) oxidos Of nitrogen, N 3 Q, NO, N 3 0 8 , NQ„, and NA, may bo 
deduced from ammonia. Tho abovo may bo expressed in a gonoral form by the equation 
(it should be remarlcod that tho composition of all tho substitution produots of oaqstio 
ammonia may be expressed by NH s O{,-n, where a varies botwoon 0 aud 4) t 

NH A - a + NIIA-t- CHjO ® NA-cut,), 

where a+b can evidently be not greater than 5; when a + wo have N#~glttolg)9» 
when « 4 wo have N a O nitrous oxide j when a i ^ 8 wo have N 3 0 3 or NO — nitaefo pxfaOj 
and so on to N 3 Oj, when a + b 03 0. Besides which it is evident that intermedia tpj>ro4uctB 
may correspond with (and honoo also break up into) different starting points ) farm stance. 
N„0 is obtained when a-t-Wu, and this may occur either when a.««0 (nitric aoid), and 
(hydroxylainino), or when a»6® 1 (Urn third of the above substitution products). 
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other extreme mm of substitution 1* that given by ammonium hydroxide, 
NH 4 (OH), when the whole of the hydrogen of the ammonium in re. 
placed by oxygen ; end, as ammonium contains 4 atoms of hydrogen, 
the highest oxygen compound should be Nu,(i >H), or NHu Jt M we 
find to bo really the earn*, for NHo a is nitric acid, nxhilriting the 
highest degree of oxidation of nitrogen.* 4 If instead of the two 
extreme aspects of substitution we take rut intermediate one, we obtain 
the intermediate oxygen compound* of nitrogen. For instance, 
N(01I) 4 is orthonitrou* acid,* 1 to which c«rre«jH)nd* nitrous acid, 
N 0(011), nr NHO„ equal to N(t >11)*— HjO, and nitrous anhydride, 
K a t > 4 ^jN<t»fi> 4 — Thun nitrogen give* a aerie* of oxygen 
compounds, which wti will proceed to dewrtlw. We will, however, tint# 
show by two example* that in the first place the passage of ammonia 
into the oxygen compound* of nitrogen up to nitric acid, m well a* the 

converse preparation of ammonia (and rodwquimtly of the intermediate 

compound* also) from nitric acid, »ro reaction* which proceed directly 
and easily under many ciroumaUncvw, and in the around place that the 
above general principle of substitution gives the possibility of under, 
standing many, at first sight unexpected and complex, relations and 
transformation*, such as the preparation of hydro-nitrous acid, UN,, In 
nature the matter fa complicated by a number «»f influences and eir. 


** Nitric tmldeorrattpantl* with tlte imbjdrhU N/t», which will after«*nt» U 4«*w rlMb 
hot which west \m regard** as ib« highert wdiw* «*I4««4 mio»g»n.Jw#i «* No, O {«mt the 
hydroxide NnltO) In tbs mm of sadism, allterngh tuna* * t« tag Ota 

property ef parting with it* wrygwt with th» «* mm «*&» hy«tr»««a p»r»»*t4i*, if a, 4 m 
heating, at all event* In nwmtJana—ter fnato#**, with acid*. 0*« »}*•-» nttrte wt4 has It* 
corresponding peroxide, which way he e«lU4 parnlkic acid. It* cowv**«iU»tt la not wwU 
known— prohahfy NH« 4 ~*a that it* corresponding anhydride w»«!4 U N ,».»». It la 
farmed t>y the action of a silent discharge m a mixture «<f nitn^n ant! oxygen, w« that 
a portion of Its oxygen in In a state similar to that In owww. Th* tnrtatekty »4 ih(« wb« 
#teaee (obtained by IlautotenUte, Chappals, and JieribetetJ, which #*«% splits «p with 
tbs fomaWea of nitric peroxide, awl Its resemblance to penalpherte a»i4, which w«« abaft 
afterwards describe, wtU permit ear ptMmbtg ttw the mawkterwtton ,.f dw tittl*. that Is 
further known it, 

n Phosphorus (Chapter %l%.) give* th* hydride PH.*, eurrwspnadiitg with tunm«ak, 
NH*, ami terms pbcMpfamoM arid, I*H S %, whieh in an&tegow* to nitron* a-. .4, Just an 
ftcld Is In nftrte arid ; bat phosphoric far, better, **rth»«phi»*pto»rt«>J writ!, 
vl W» w x«b» te water am! give pyt*>. aw! M*4*-ptewpitorte arid*. The Utter Is 
mtaal to the «rth4 8ei.l mfaw water « FIIO*, and ti***fMw nitric arid, NUtt* h tm Uy 
MkwWe awa» Mo also nitron* miA, BHO^ U HMtanitms* {anbydr.w.i a»|4,a«4 tho* 
)« NHjOg m tf(OHlp, Jkwre ter altrte miA w« nhe«i4 ctrwwt to &t*A, W* 
ridw ths ordlnaqr «r nmta niitm onM, HN0g»4N 4 0*M,t>), «»4 t»rih*> nilrU «W, 
H,N0 4 (-iN.A8H,0), an iatiffirndUk pyro-nlirte ackt, N,H 4 t>,. to 

Wwphos^oria add, l^KA. Wn ahall tm (tertortaroa. In Chapter XVI., Note M> 
SH J® « terilMAk* of the mi Unuy wits (<4 tV» mrtaacMh 

- ff 0 * o«»Waa with bsm M>0, ami to appmstemte m the mMni*>*iWm *1 «rtha* 
eompe^jda whleh m ^ual to mA tesaa (MN0 4 a Ms«« 
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©urastanoes, but in tho law the relations are presented in their simplest 
aspect. 

1. It is easy to prove tho possibility of tho oxidation of ammonia 
into nitric acid by passing a mixture of ammonia and air over heated 
epongy platinum. This causes the oxidation of the ammonia, nitrio 
acid being formed, which partially combines with tho excess of 
ammonia. 

The convorso passage of nitrio aoicl Into ammonia is c Hooted 
by the action of hydrogen at tho moment of its evolution. 58 Thus 
metallio aluminium, evolving hydrogen from a solution of caustic soda, 
is able to completely convert nitrio acid added to the mixture (os a salt, 
because the alkali gives a salt with the nitrio add) into ammonia, 
NH0 8 + 8 IIss=NH 3 + 3H a O. 

2. In 1890 Ourtius in Germany obtained a gaseous substance of the 

composition HN 8 (hydrogen trinitride), having tho distinctive properties 
of an acid, and giving, like hydrochloric aoid, salts ; for example, a 
sodium salt, jNaN 8 ; ammonium salt, ; barium salt, 

Ba(N 8 ) a , &o., which ho thoroforo named hydronitroua acid , //JVV 88 

w Tho formation of ammonia Is observed In many oases of oxidation by means of 
nitrio aoid. This substance is even formed in tho notion of nitrio aoid on tin, especially 
if dilute aoid bo employed in the cold, A still more considerable amount of ammonia i» 
obtained if, in tho action of nitrio aoid, there are conditions directly tending to tho evolu- 
tion of hydrogen, which thou roduoou tho ivoid to ammonia i for instance, in the action 
of dno on a mixture of nitrio and sulidiuria aoitla. 

*a bi« Curtius started with hensoylhydraidiio, OgUjCONIINHs (hydrasdue, aee Note 
w bU ). (Tlvis substance is obtained by tho aotiop of hydrated hyd ranine on tho com- 
pound other of bomeoio aoid). Boiusoylhydratslne under the action of nitrous acid give# 
bouaoylaaotmldo and water? 

OgHgOONENHs + NO„H » C#H*CON 8 + 9E a O. 

BemsoylaieoLmido when treated with sodium alooholafce gives tho sodium salt ©I hydro- 
nitrous add : 

C 8 H 6 CONj+C 9 HiONa • 0 9 ir ft CO a C 4 H 4 +NivN 3 . 

Tho addition of other to tho resultant solution precipitates the NaNg, ami this salt whoa 
treated with sulphurio aoid gives gaseous hydronitroua add, IINj. It hm an acrid small, 
and is easily soluble in water. Tho aqueous solution exhibits a strongly acid react itm. 
Metals dissolve In this solution and givo the corresponding rhUb. With hydronitroua 
aoid gaseous ammonia forms a white cloud, consisting of the salt of ammonium, NliiNj. 
Tliiti nalt separates out from an alouholio solution hi the form of white lustrous m->d«>». 
The salts of hydronitroua add arts obtained by a reaction of substitution with (ho sodium 
or aramoutum salts. In this manner Curttus obtained and studied the salts of silver 
(AgNj), mercury (IlgNj), lead (I'bN fl ), barium (ItaN„). With hydnuine, N a H*, hydro* 
nitrous aoid forms siUintt compounds in the composition of which U»*r« are mm or two 
particles of N 8 U per ouo particle of liydrtuiuo ; thus N # U* and N 8 Il 6 . The first w»* 
obtained in an almost pure form. It crystallises from an aqueous solution in (tense, 
volatile, lustrous prisms (up to 1 in. long), which fuse at SO 1 , and deliquesce in the air? 
from a solution in boiling alcohol it separate# out in bright crystalline plates. This sal t^ 
NjIIj, has the mm empirical oom position, Nil, as tho ammonium salt of hydroniteoos 
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Tho extraordinary composition of the compound (am monk, NHj, 
contain* one N atom and three II atom* ; in I!X 8 ,on the contrary, there 
ore thw K atouta and one II atom). Urn facile decomjamtiem of itn s alt® 
with an explosion, and above all its distinctly oral character (an aqueous 
solution show* a strong acid reaction to lilmusd, n*<t only indicated 
the importance of this uftexjweted discovery, hut at Ural nave rise to nom® 
perplexity na to the nature of the substance obtained, for the relation* 
in which HN* stood to other simple compound* of nitrogen which had 
long town known was not at all evident, and the seientiUo spirit 
especially require* that there sdnndd be ft. distinct lamd between every 
innovation, every fresh discovery, ami that which ia already firmly 
established and known, f*<r vq«>n ihU lewis is founded that apparently 
paradoxical union in science of a conservative atahility with an 
irrenislible and never-ceasing improvement. This tuitrdng connection 
botwson tho newly discovered hydronitrou* acid, II N 8 , and thu long 
known ammonia, NU„ and nitric acid, UNO,, way l*e found in th© 
Jaw of substitution, starting from the well-known pr«qx»rtir* and 
composition of nitric acid and ammonia, m l mentioned in this ' Journal 
t>f th» Hussian VhyKbotliMnical Boeiety * (iH'yO) The w#nw of ih© 
Has in the fact that to the hydrate of ammonium, nr esuatio 
ammonia, Nl! 4 0lf, there should wirresjnmd, according to the Uw of 
substitution, an tfftho* nitric add {**# Koto ‘if), II s Nt» i «»Kn(OH) JJ 
which equal* KH«(OH) with the substitution in it of (o) two atoms of 
hydrogen hy oxygon ami (f>) two atoms of hydrogen toy Ik© 

aqueous radio!© (OH -II). Ordinary or mota-nitrUs acid la merely 
thii ortho-nUrio acid minus water. To ortho nitric acid there should 
corrwqKjml the atunioniacol salt* : mono substituted, H,NH 4 h’t> 4 ■ hi- 
substituted, ll(NH 4 ) 4 N0 4 , and trl nutostitutcd, (Nlt 4 ),N*t q. These 
sol to, containing m they do hydrogen and oxygen, like many similar 
ammonkcal wUt® (mm, for inflame, tStaptar lX,*~t*yanhlwi), art 

ftrW, N 4 H 4 , t»e4 n«>4«* ; tut tbstr »ek»e«|«* amt stmeHifa *r» 4«S»t»at #J*a 

tvtrWfW-4 (tStS) Sydrmdtnm* *#44 by p*msmg lb* w»|«af wf Wjtq t*«*4»*4 by Sb» m%lm 
<4 ItttOjtm 4«|0|t tub* a s«4«ittHi at by4m*i**, ft f tt,. Rltnitarty A*»**tt, by »*Un* ep«** a 
tatamUH) sohtttan *rf sgvMr aitrMn wftb m tumi *4 by*tr*jun*>. *»t>i<u«**f4 tbs 

•Sjitesh 1 © A^t| t* tin lam ef a pnwijuut*., **4 mitt ****>%&>», wbnfe I* ts«4 «j*a ft* 
IqtMftfan NW®!|**lfttj*lIljO, p s»» > 4 > •» wwil? Mutt It tuft*** a a 
tar th« l**two» 4 therms! fwresiipiU** *4 hy4t«*4tw»* »i*1 by lt*»th*h*t «»1 

MftMpten gavs tt» Mhwfng §*«#«* Im tb» b*»t *4 *4 ih* mJi 

N s HNK s (% pm, ts MW prte «t t\ **4 f«*r tfe» W *4 m«tsaUwite» 

by bsrlttm bydrata * IM 0,, wA by «*»*»««!» * & 9 V Ttw» b*»t *4 «t 

IMl*{ + st % «o«uMa| vei.) gtvtM Mw Wti4 tarmstaxiet tb# mh n*tt* M 

-» Wf 0. fefid (wtlttltet) ~*fi 0,} ttrt# wtfftripa Ow «ifMw nstum «4 tKl* f<mtp«4 
to it# ot tomMktn tnm thaatmmls -etatJ , *M« «*t»|wi»a4 4tS*r« fmn 
^ tbk byAmf c?i Mmptmads trf tUtmptn la a m*M*sn absefftteawl best, wfeteti 

ftqMftat^MbOilgi 
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able to part with them in the form of water. Then from the first 
salt we have HaNH 4 N0 4 — 4H a 0~N a 0 — nitrous oxide, and from -the 
sooond H(NH 4 ) 2 N0 4 — 4H a O==HN a -hydr'onitrous aoid, and from the 
third (NH 4 ) 3 NO--4H a O=N 4 H 4 — -the ammonium salt of the same aoid. 
The oompositioh of HN S should bo thus understood, whilst its acid 
properties are explained by the fact that the water (4II a O) from 
H(NH 4 ) a N0 4 is formed at the oxponso of the hydrogen of tho ammonium 
and oxygon of tho nitrio aoid, so that thoro romains tho samo hydrogen 
as in nitrio acid, or that which may bo replaced by metals and give 
salts. Moreover, nitrogen undoubtedly belongs to that oategory of 
metalloids which give aoids, like chlorine and carbon, and therefore, 
under the influence of three of its atoms, one atom of hydrogen acquires 
those properties whioh it has in aoids, just as in HOIST' (hydrooyanio 
acid) the hydrogen has reoeived these properties under the influence of 
tho carbon and nitrogen (and IlN a may be regarded as HOIST where 0 
has been replaced by N a ). Moreover, besides explaining tho com- 
position and aoid properties of HN 3 , the above method gives tho 
possibility of foretelling tho closeness of the bond botween hydronitrous 
acid and nitrous oxido, for IST^O + NH 3 =HN 3 4- II 2 0. This reaction, 
whioh was foresoon from tho abovo considerations, was accomplished by 
Wislioenus (1892) by tho synthesis of tho sodium salt, by taking the 
amide of. sodium, NII a Na (obtainod by heating Na in a current of 
NHjj), and acting upon it (when heated) with nitrous oxido, N a O, 
when 2NH a Na+ N s O, « NaN„ + NallO + N1I 3 . The resultant salt, 
NaN 3 , gives hydronitrous acid when noted upon by sulphurio aoid, 
NaN a + n a S0 4 as NaHS0 4 4-HN 8 . The latter gives, with the corre- 
sponding solutions of their salts, tho insoluble (and easily explosive) 
salts of silver, AgN 8 (insoluble, like AgCl or AgCJN), and load, Tb(N a ) a , 
Tho compounds of nitrogen with oxygen present on excellent 
example of the law of multiple proportions, because they oontain, for 14 
parts by woight of nitrogen, 8, 10, 24, 32, and 40 parts respectively by 
weight of oxygon, Tho composition of those compounds is os follows :~ 

N a O, nitrous oxido j hydrato NflO, 

N a Q a , nitrio oxido, NO. 

N a 0 3 , nitrous anhydride ; hydrato NHO a . 

N a 0 4 , poroxido of nitrogen, NO a , 

N a O s , nitrio anhydride j hydrato NH0 3 . 

Of those compounds, 80 nitrous and nitrio oxides, peroxide o$ tiMt00Uh 

w AooorcUng to tho tbormoolioraloal doteralnntlods of Fane, Thomson, ahd wore 
especially of BortUolot, It follows that, fa tho formation ,of ouch quantities of tho ojdd# 
0 ! nitrogen us express their f ornate, if gmow oltrofsh oxygon 
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and tiitrJo add, NUOj, Am characterised as Wing tho mo»t stable. Tfa 
tower arides, when coming into contact with tfa higher, mag gim tha 
intermediate form* ; for instance, NO and NO, form N a O a , and (fa 
intermediate o/idcn mag, in fitting u 4 >, give a higher and itnter mitfa 
His NjOj given N\« », and N /. > 5 , or, in the presence of water, their 
hydrate#. 

We have already tmn that, under certain conditions*, nitrogen 
oombltift with oxygen, awl wo know that ammonia may he oxidised, 
In Oman eases various oxidation products of nitrogen are formed, bul 
in the presence of water amt on pew of oxygen they always give 
nitric mill. Nitri*- arid, *s rorreaponding with the highest oxide, ii 
at>!e, in deoxidising, to give the lower oxide# ; it is the only nitrogen 
aout wh«s*** salts invar somewhat widely in nature, and it ha.® many 
technical mm, for which evasion we wilt togin with ii. 

Jtfitrto arid, NHO } , is likewise known as mjtia fort is. In a free 
atahn it is only mot with in nature in small ijuantitto, in the air and 
in rain >watcr after storms ; hut won In the atmnaphem nitric arid does 
not long remain free, hut combine* with ammonia,, trace* of which art 
Always found In «ur. On falling on the soil and into running water, 
He*, the nitric acid everywhere cornea into contact with W-m (or their 
wtrhcaMtt**), which awalty act mi it, ami therefore it in converted into 
the nilmtet of them bw*i«. Hence nitric acid i* always met with in 
the form of *&lU In nature. The w4ul.de *t*U* of nitric acid Are called 
nitre*. This name is derived from the JUtio ml min, The (rttaanlum 
unit, KNOj, b common nitre, and the andiuro salt, NaNO„ 01 ill «dt* 
petro, or cubic nitre, Nitres am formed in the **il when a nitr»gww«« 

rtaflinj? |k* 1»K and it to wMe|«ntit4* f>wm*<t to *te» rm*,***, »h* Mb»w»»R miv unite 
of heat, it, ihuswerta of hat i»m mm wto»»te,t {btrw« « Mtitttt* #ign}-"® 

h%» H,U # N,*** N/t* H,ih 

-VI » 4 » ~*8 *-» -I 

«•*» *®i * i? *4 

tte dfiw*no» in givon In to hw tin*, fist wsaittpte ft 1»„ •*» S« gf*m» »t nittvRsn, 
MKfetMwfth O—tot is, with lARntiastif -ttwi te«i »»» stouted, 

that in, «to« 8 l teat %» 1tl,0C0RnMwa 4 water timmik I", tolseUly, iltowi 
uteimMaiMi «n> topwMtbls m He* t«w ; t«l if tlMftxal, ft*Mwfton«, t»r uiuiUr wit* 
*tewas* Mm burnt bath lu attorn* ostte wt 4 m osyp*, »«4 to test ** i 4 *««rr «4 

fa both Mu, to tin ditotni (nmr* tost »itl to m l, turning n* nii»na» Milk} 

fives to l|WM in|iM If N^, t*y Pt»wi4$n»jf with W, ( gi«»» tl/v toi ** to 
from to tote, teat told te tev*lup*4. m.*m rnMm >4 h««(, e» HO * 0 

** W,°iKl uni la «f teat, 'fkw dl fcwnna Riv«n f« it«, i«bb> lUl lh« MMtmum #b««rp* 

ton cl teat c»mmppa4« with alto eslste, «wt ttet sto buttwr »#««« atw f«tww4 from H 
with «Vt4utKw of te»b If liquid sttd* «M, NtlOj, »*w int-* N * Oj ► H, 

ton te&t anils w»a}4 te Mttoadi tol to, m mmlttUe* «4 tote tntes pirn* <n te 
funntkton tom to rm*s, Ii stextld te tto*rv«4 tot to tomsAfe* »f aMnwnte Niks 
ferust to pm K * If 4 evolves It I touwto tent wito 
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substance is slowly oxidised in the presence of an alkali by means of 
$he oxygen of the atmosphere. In nature there are very frequent 
instances of such oxidation. For this reason certain soils and rubW«h 
heaps— for instance, lime rubbish (in the presence of a baso— -lime)— 
contain a more or less considerable amount of nitre. On© of those 
nitres — sodium nitrate — is extracted from the earth in largo quantities 
in Ohili, where it was probably formed by tlm oxidation <>! animal 
refuse. This kind of nitre is employed in practice for the manufacture 
of nitrio acid and tho other oxygen compounds of nitrogen. Nitric 
acid is obtained from Chili saUpetm by heating it with mlphune mid. 
The hydrogen of the sulphuric acid replace® the sodium in the nitre. 
Tho sulphuric acid then forms either an acid salt, NaH80 4 , or a 
normal salt, Na a S0 4 , whilst nitrio aoid is formed from tho nitre and 
is volatilised. The decomposition is expressed by the equation® : 
(1) KftN0 a +H a S0 4 »HN0 8 +HaH80 4 , if the aoid salt l* formed, 
and (2) 2NaN0 a + H a SQ 4 *Na a S0 4 4'2HN0 l , if the normal sodium 
sulphate is formed. With an excess of sulphuric add, at a moderate 
boat, and at tho commencement of tho reaction, the decomposition 
proceeds according to tho first equation ; and on further heating with 
a sufficient amount of nitre according to tho second, because the add 
salt NaHS0 4 itself acts like an add (it® hydrogen being replaceable 
as in acids), according to tho equation NaN0 3 + NaIiH<> 4 aaNa g H0 4 
+ HNO a . 

The sulphuric aoid, ns it is said, here displaces the nitric acid from 
its compound with the bo*e. a9w » Thus, in tho reaction ut sulphuric 

19 Wl This often give# rise to the supposition that sttlphurlo m& pmmmm 
able degree of affinity or energy compared with nitric acid, bat we shall afterwards mm 
that the idea of the relative degree of affinity of aoid# and bam is, in nsajp esam, 
exoeodingly unblasaedj it need not be accepted m long m It i» possible to expksM She 
observed phenomena without admitting any supposition whatever of the degr** of Uw» 
force of affinity, beeause the latter cannot be measured. The action <4 eulphurte mi4 
upon nitro may bo explained by the fact alone that the resultant nitric acid i« voUute 
The nitric acid i# the only ontt of all the substance* partaking in the r»«n liun which i« 
able to puss into vajKiur; it alone is volatile, wlnle the remainder urn mm v«'#at»te. «*r, 
more Mindly speaking, exceedingly difUeullly volatile sulmtew'es. 1*1 ti« inmgmv that 
the Hulphurie noid in only able to net free a email quantity <4 nitric and ite **Jt, 

and til in will Nil Hire to explain the decomposition of the whole of the mire b) the »u!j 
aoid, because once tho nitrio acid in separated it passe* into vajn.ur when bested,, «*mI 
passes away from Urn sphere of notion of the remaining »uUt»u» t> ; then ti» Um 
sulphurio add will set free a fresh srmiil quantity of mine end, and »» tmsd it &t%*m 
off the entire quantity. It is evident Utah in this explanation, it i« essettlial that Ate 
sulphuric add should he in qjtenwt (although not greatly) Ihrvttgbwat |)m murthni » 
according to the equation expressing Uie reaction, m parte of «SjA«ri§ m4I mm 
per HS part# of Chili nitre ; but if thin prwjmrlien t«e luaittlainsd fa prsBlte# ft# nllrt# 
add is not all disengaged by the sulphuric oeid ; an aaetMts of tbs IsMs 1 w##fc Ik tebm , 
w»d generally BO part# of Chili nitre are taken par 08 part* of aril, «o that a M 

Ihe sulphuric acid remain# free to the very end of the reaeUtm, 



c £ a a a 





? l " nMd ft ^-volatile wit of sulphuric add' 
wM »ILt r °! l hl * ‘ dd ’ ln di.tnilng.pi 

£ fT* inl ° "w ™> '"»y i» «£d 
irr ? 11 "■ ,i **« with : 

f i n o etmotti work*, the proeoa. is exaotly ximilflr 
f or holding th, mixture of nlJ.J.ti' 
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Nitrio acid so obtained • always contains water. It is extremely 
difficult to deprive it of all the admixed water without destroying a 
portion of the acid itself and partially converting it into lower oxides, 
because without the presence of an. excess of water it is very unstable. 
When rapidly distilled a portion is decomposed, and there are obtained 
free oxygen and lower oxides of nitrogen, whiob, together with the 
water, remain in solution with the nitrio aoid. Therefore it is necessary 
to work with great care in order to obtain a pure hydrate of nitric acid, 
HNO a , and ospooially to mix the nitric acid obtained from nitre, as 
abovo described, with sulphuric aoid, whiob takes up the water, and to 
distil it at the lowest possible temperature — that is, by placing the 
retort holding the mixture in a water or oil bath and carefully heating 
it. The first portion of the nitric acid thus distilled boils at 86°, has a 
spocific gravity at 15° of 1*526, and solidifies at —50°; it is very 
unstable at higher temperatures. This is the normal hydrate, HN0 8 , 
which oorrosponds with the salts, NMO a , of nitrio aoid. When diluted 
with water nitrio acid presents a higher boiling point, not only as 
compared with that of tho nitrio aoid itself, but also with that of water ; 
so that, if very diluto nitrio acid bo distilled, the first portions passing 
over will consist of almost pure water, until the boiling point in the 
vapours roaches 121°. At this temperature a compound of nitric acid 
with water, containing about 70 p,c. of nitrio acid, 81 distils over ; its 

formation of tho hydrate, bocauso -water is first poured into tho earthenware vessels 
employed for condensing thn nitrio aoid in ordor to facilitate its coaling and condensation. 
Further, tho aoid of composition IINO s dooompoBCB with groat ease, with tho evolu- 
tion of oxides of nitrogen. Tima the commercial acid contains a great number of 
imparities, and Is frequently purified in tho following manner Lead nitrate is first 
added to the aoid because it forms non-volatilo and almost insoluble (prooipitated) 
eubatancoB with tho free sulphuric and hydrochloric adds, and liberates nitrio acid in so 
doing, aooording to tho equations Pb(N0s)a+!lH01»»PbCl#+2NH0 8 and Pb(N0 3 )(j 
+ ri.,80, « PbSQ 4 + flNHOv Potassium chromate is then added to the impurenitrio aoid, by 
which moans oxygon Is liberated from tho ohromlo aoid, and this oxygen, at the moment 
of its evolution, oxidises the lower oxides of nitrogen and converts thorn into nitrio acid. 
A pure nitric add, containing no impurities other than water, may be then obtained by 
carefully distilling tlio acid, treated as abovo desoribed, and particularly if only tho 
middle portions of tho distillate are oollsoted. 8uoh aoid should give no precipitate,, 
cither with a solution of barium oliloride (a preoipitatq shows the presence of sulphuric 
acid) or with a solution of silver nitrate (a preolpitate shows tho presenoeof hydrochloric 
aoid), nor should it, after being diluted with water, give a adoration with starch con. 
talning potassium iodide (a coloration shows the admixture of other oxides of nitrogen). 
The oxides of nitrogen maybe most easily removed from impure nitrio aoid by heat- 
ing for a certain timo with a small quantity of pure charcoal, By the aotion of nitrio 
aoid on tho charcoal carbonio anhydride is evolved, which carries off the lower oxideB of 
nitrogen. On redistilling, puro aoid is obtained. The oxides of nitrogen ooourring in. 
solution may also be removed by passing air through the nitrio acid. 

si Dalton, Smith, Bluoau, and others considered that the hydrate of oonstant boiling 
point (see Chapter I., Note 00) for nitrio aoid was the oompound flHNOj,8HjO, but Kosooe 
showed that its composition changes with a variation of the pressure and temperature' 

*13 
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Nitric acid, as an acid hydrate , enters into reactions of double 
decomposition with bases, basic hydrates (alkalis), and with salts. In all 
these cases a salt of nitric acid is obtained. An alkali and nitric acid 
give water and a salt ; so, also, a basic oxide with nitric acid gives a 
salt and water; for instance, lime, Ca0 + 2HN0 8 s=Ca(N0 3 )2-f H a O. 
Many of these salts are termed nitres. 311 The composition of the ordinary 
salts of nitric acid may be expressed by the general formula M(N0 3 ) K , 
where M indicates a metal replacing the hydrogen in one or several 
(n) equivalents of nitric acid. We shall find afterwards that the atoms M 
of metals are equivalent to one (K, Na, Ag) atom of hydrogen, or two 
(Ca, Mg, Ba), or three (Al, In), or, in general, n atoms of hydrogen. 
The salts of nitric acid are especially characterised by being all soluble 
in water. 88 Prom the property common to all these salts of entering 
into double decompositions, and owing to. the volatility of nitric acid, 
they evolve nitric acid when heated with sulphuric acid. They all, like 
the acid itself, are capable of evolving oxygen when heated, and con- 
sequently of acting as oxidising substances ; they therefore, for instance, 
deflagrato with ignited carbon, the carbon burning at the expense of 
the oxygen of the salt and forming gaseous products of combustion. 88 

ultimately booomes colourless. This ia owing to the fact that the oxides of nitrogen in 
the presence of water and nitrio acid aro changed, and give coloured solutions. 

Maritloffsky (1892) showed that tho groon solutions contain (besides HNOj) HNOq 
and NgO.,, whilst tho bluo solutions only contain HN0 3 (see Noto d9). 

Tho action of rod fuming nitrio aoid (or a mixture with Bulphurio acid) is in many 
oasos very powerful and rapid, and it somotimes acts differently from pure nitrio 
acid. Thus iron booomes covorod with a coating of oxides, and insoluble in acids j it 
becomes, ns Is said, passivo. Thus cliromio acid (and potassium diobromnte) gives oxide 
of chromium in this red aoid — that is, it is deoxidised. ThiB is owing to the presence of 
the lower oxides of nitrogen, which aro capable of being oxidised— that is, of passing into 
nitrio aoid like the higher oxides. But, generally, tho aotion of fuming nitric aoid, both 
rod and odourless, is poworfully oxidising. 

M Hydrogen is not evolved in the aotion of nitrio aoid (especially strong) on metals, 
even with IUobo metals which evolve hydrogen under the aotion of other acids. This is 
booauso tho hydrogen at tho moment of its separation reduces tho nitrio acid, with forma- 
tion of tho lower oxidos of nitrogen, as we shall afterwards see. 

36 Certain basic salts of nitrio aoid, howovor (for oxample, tho basio salt of bismuth), 
aro imtolublo in water; whilst, on tho other hand, all tho normal salts aro soluble, and 
thin forme an exceptional phenomenon among aoids, beoauso all the ordinary aoids form 
Insoluble salte with one or another baso. Thus, for sulphuric aoid the salts of barium, 
lead, &o,, for hydrochloric aoid tho salts of silver, &o.,aro insolublo in water. However, 
tho normal salts of acetic and certain other acids aro all soluble. 

Ammonium nitrate, NH*NOj, is eaBily obtainod by adding a solution of am- 
monia or of ammonium carbonate to nitrio aoid until it becomes neutral. On evapo- 
rating this solution, crystals of tho salt aro formed which contain no water of crystallisation. 
It crystallises in prisms liku thoso formed by common nitre, and liaB a refreshing taste ; 
100 parts of water at t° dissolve 54 + 0-C1 t parts by weight of the Balt. It is soluble in 
alcohol, melts at 1 G 0 ,J , and is decomposed at about 180°, forming water and nitrous oxide, 
NH^NOj « 9 H 5 O + N 3 0. If ammonium nitrate be mixed with sulphuric acid, and tho 
mixture be heated to about the boiling point of water, then nitrio acid is evolved, and 
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Nitric Acid &!*> on tiro into double decomposition* with a number 
of hydrocarbon* not In Any way posnoming alkaline characters and not 
imcting with other acids, U ndor these circumatancm the nitric acid 

gives water and a new sulwttanco termed a nitr** The 

olwmioal character uf the nitrocompound is the same a \ that of the 
original substance ; for example, if an imilflmmt fttibstimre be taken, 
titan the nitm-cowpmuid obtained from it will also !>«. imiiiTt'rent ; 
if an acid bo taken, than an arid ia obtained also,'* 8 *■*» Bcm-eue, 
O e H,j, for instance, acts according to tho wjuntion (!„!!,, f HNO # 
assll a (^ f < 'uri^bK > a . Nitmlxnname h produced, Thciudwtnmn taken, 
ia a liquid hydrocarbon having a taint tarry small, laniing nt*UG rt > 
and lighter titan water ; by th« action of nitric acid mtnd>cn*rnu is 
.obtained, which ia a nubsUnco ladling at about *4 10*, heavier than water, 
and having an almond like odour t it ia employed in largo quautitios 
for the preparation of Aniline and aniline dyes, 81 Aa the nitm co»« 

ammonium hydra)*#** hutphnt* mn*dn# in wduttea ; Hal it tea mtetura te» h«*M rapidly 
to l«0", than adman o*»«U» k «m4w«t ta Uw (b*t mm Ite* «mfj*h«rte went uluw up 
ammonia, and in tte> iwwtti phws water, AnunwOmt ttlM la «ui{4»y«t ut pnwdhM far 
tea arUftolal prt*lvwUm* of rate, tewa** to <li##«»hdtijt m water it i «»«»*•» the tompetwtttrw 
wry ttcmUa/nJcAy, for tek jmrpoMi o k W* u taka *wp*#l part* t»y *mght «*t th*> 
and water, TU«« sail mmi ftr«t te» radiwwd to a pciwAwr and iW rapidly «n»r*»! ap to 
tea water, wte» tea temporataro wtU tall fmw * U : * to -• hr", *, teat Uw water tMMM. 

Amwioniaoi nitrate rte«o*te amwamte, with whteh it terms tawtebte <x»mpmmd» 
KjaamblinK wmjpmuwte wmWataj* water ml oryattrftiwdteR. ftMwra t m% lUotill I «,’{!> 
At ~ W NIt*NC\,tHtts k fom#d; it ia a hijatd «f «p. gr I I a, which M ite 
wmnanti tmdtw Uw tefhratwa uf Intel, At MUr* ia (»«m«d ; n i» a *4ld 

which wwSly parte with ite ammonia when hwtted, **pm>telJy In «*»t»Uen. 

Traosl [ivm) invtmUgatml Uw teaaion «t Uw» dawm-ktew id G*» »»»s*t|*mm*te temnd, 

sad eattiB hi Uw teat a definite p»aaj*n»o4 cnrrm|wm4iaf te tea fumuh 

lNH,NOjsRNII a In termftd, twaattaa tea tetiahar »»f di«**«' 4 atliai r^saaisia i»*n»huit ui tea 
tUKHi«ijK>aitkm of mwh a wnnpmnd at 0“, V. K«.»mh 4 if (prsng}, hnwovwr, MuUnr that 
»* eeoaUtvay of Uw tentem dt tea ammtwrk tmdwwli w dun hi Uw iteeomiwaltion uf * 
aatUTivhH I iMiiufliiu, and md of a ite^oite compottnd, ttesrin^ da^tops^th«o tho ayatem ta 
eianpimxl of a teptld and a aohd i Uw tewtea on tf teo«sH«'» mm*to nt tom% Uw moiottot 
th» ««Ud tella dom This oompoaHteo SNII^NtVHKt to » aatutated 

at (P, and Uw aotahWty of i« mt $ with * rhw«4 temt«wlar», 

»« W» this te nvpklw .4 hy Myfag (M, m tea m»idn# of nitrte 

***** NO* tokm th« phow of Uw tq4wn to tha h^kmmbm fn«tp |-. tr mm™**. If 

ha fiivon, tew wilt ha a trao ha* ins; tins nwltwii 

prtspMrtlaa of Q^tOK, If, on tea wth#r hand, tU« No, r»*pla**a lh« kp)ntM «f tea 
Wf»0m4, tarn nn*>4 »* to tea tmmm df 

KOH into «0M0» (ultra) (jm Note 87 ami f>nea«te Uhamtelrj). 

^ Tha dmipoa&d othars of nftela In whhh terr hydo*ipm eg th# satiwona radirio 
(OH) k rapl «Md by tea r^idon of rntrin ««i.ld {HO*) «m» fmnmmUv wtekd nftew 

"tf ,a “ »V Ae how tm JLaUUSE 

(ter datei hi mm OrRimio (tewaktry) and do not terra hte» team. 

i wdlote#4s CaH^jO*, k m Tlrk ralwh»®», whtete 

eoAWRg trf f ! . wmm ♦« u |«t« ntete In nnttoa, h» 

eonm um wrl tiay^par, mA fa teoe, ^ { n«d«r ite, of nmte oral It terms water 

atoowaatete (hk« wahur and END, fma RilO), whteh, Uteowah ft km Uw 
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pounds contain both combustible elements (hydrogen and carbon), as 
well as oxygen in unstable combination with nitrogen, in the form of 
the radicle NO a of nitrio acid, they decompose with an explosion when 
ignited or even struck, owing to the pressure of the vapours and gases 
formed — free nitrogen, carbonic anhydride, C0 2 , carbonic oxide, CO, and 

aqueous vapour. In the explosion of nitro- compounds 37 bia much heat ia 

<? 

appearance as tlio cotton originally taken, differs from it entirely in properties. It 
explodes whon struok, bursts into flame very easily under the action of sparks, and acts 
lilro gunpowder, wlionco its name of pyroxylin, or gun-cotton. The composition of 
gun-cotton is C 0 H 7 N 8 O u <=CoKioOa + 8NHOj— 8H s O. The proportion of the group NO* 
in nitrocolluloso may bo decreased by limiting the action of the nitrio acid and 
compounds obtained with different properties; for instance, the (impure) well-known 
collodion cotton, containing from 11 to 12 per cent, of nitrogen, and gyro-collodion 
(Mondoleoff, 1890), containing 12 - <i per cent, of nitrogen. Both these products are soluble in 
a mixture of alcohol and other (in collodion a portion of the substance is soluble in alcohol), 
and tho solution when ovaporated gives atransparont film, which is insolublo in water. A 
'solution of collodion is employod in medicine for covering woundB, and in wet-plate 
photography for giving on glass an even coating of a substance into which tho various 
roagonts employod in tho process are introduced. Extremely fine threads (obtained by 
forcing a gelatinous mixture of collodion, othor, and alcohol through capillary tubeB in 
water) of collodion form artificial silk. 

87 mo ip} 10 property possossod by nitroglycerin (occurring in dynamite), nitrocellulose, 
and tho other nitro-compounds, of burning with an explosion, and their employment for 
umokolofes powdor and as explosives in genorol, dopendB on the reasons in- virtue of 
whioh a mixture of nitro and oharcoal deflagrates and explodes ; in both cases the 
elements of tho nitrio acid occurring in tho compound aro decomposed, tho oxygon in 
burning unites with the carbon, and the nitrogon is sot froo ; thus a vory largo volume 
of gaseous substances (nitrogen and oxides of carbon) is rapidly formed from the solid 
substances originally takon. Thoso gases oooupy on incomparably largor volume than 
tho original substanoo, and therefore produoe a powerful pressure and explosion. It Is 
ervidont that in exploding with the development of boat (that is, in decomposing, not 
with the absorption of energy, os is generally tho oase, but with the evolution of energy) 
the nltro-oompounds fortn stores of energy whioh are easily set free, and that con- 
sequently their dements ooour in a state of particularly enorgotio motion, which is 
especially strong in tho group NQ 2 ; this group is Common to all nitro-compounds, and 
all tho oxygon oompounds of nitrogen are unstable, easily decomposable, and (Note 29) 
absorb heat in thoir formation. On tho othor hand, tho nitro-compounds are instructive 
as an example and proof of tho fact that tho dements and groups forming compounds 
■aro united in definite orddr in tho molecules of a compound. A blow, concussion, or 
riso of temperature is nooossary to bring tho combustible elements 0 and H into the 
moHt intimate contact with NOj, and to distribute the eloments in a new order in new 
compounds. 

As regards tho composition of tho nitro-aompoands, it will be seen that tho hydrogen 
of a given substanoo is replaced by the aomplox group N0 2 of tho nitrio acid. Tim same 
f( observed in the passage of alkalis into nitrates, so that tho roaotions of substitution of 
nitrio add— that is, tho formation of salts and nitro-compounds— may bo expressed in 
the following manner, In those oases the hydrogen is replaced by tho so-dalled radicU 
ofnthio acid NO* a? is ovidont from tho following tablo:— 

, Caustic potash . . . KKO. /Glycerin CjH^Os. 

\ Nitro K(N0 S )0. ' Nitroglycerin .... 0 3 H 5 (N0 2 ) 5 05. 

j Hydrate of lime . . . Calt a 0. a . rPhonol. . . • . . . C 6 H s OH. 

1 Calcium nitrate . . . Oa(NO.j) u O a . I Picrio acid . ..... C 0 H 2 (NO a ) 3 OH ) &o. 

The difference between the salts formed by nitrio acid and the nitro-corapoanda 
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evolved, m in the eorobu«ilon of gunpowder or detonating ga% and la 
this inwvo the fore© of explosion in a closed space is great, bu-enui© from 
tv solid or liquid nitro*com|>«uml occupying a small apace there proceed 
vapours and gamut whoso elasticity U groat nut only froln the small 
space in which they arc formed, hut owing to the high ttmipcratur© 
corresponding to the combustion of the riitro compound. 5 * 

If the vapour of nitric acid in passed through mt oven modemtely 
heated glass tube, th« formation of dark-brown fumes of the lower 
oxides of nitrogen ami the separation of oxygen may be observed, 
SlNHffe, -ss 1 1 jO f ‘J S ( tj t ( K Tim dwotn (vjwition is complete at a 
whito heal that is, nitrogen is formed, 'J N HO r ~ II^O f N a + G 6 . 
Hence it is easily under* total that nitric acid may part with it* oxygon 
to a number of substances capable of being osidininl, w It in con- 


otmfttete In tbs fact that nitric »et4 is very easily *e|**rata>t U%m Um #»1 to of nttrte m|& 
by mean# nf sulphuric a*-i«l (that i», by a w»W «f «LufeU> sallow tlemmpitatliottj, whilst 
nitric ncitl is ant sti»j»l#e#4 by sulphurm »r,>t fr>«m true Mtironainipottiula; f *r InM&iuss, 
ntlrotwnisn*. 0«HyNO, A« nitre eetui*»ntt<t« are temmt *«<4uai*»ly from lty4r»w»rfee»% 
tbvy are dMrSlid with them in organm tftMatuiry 

Thu group NO, «»! fiilrn wuapeUtwte tn (nM»y #mmm flila eUl 8 Vi* «>ri4i*«4 eon*f«>uwU (4 
nttregna) paasrm inlothiMunmoHiafTwnpef ml** ifenamnemia Nil,. Tfetunsquinwt 

the *ntiMt at warning anfertMirsanveUing hy«U»^*n KKtt* * ftlt - ItNIf, » ttll,u Thus 
EWa wtft*fe»uM»*, t!*l !» Ntt* win aniline, C*H* Nil* fey u„> «w>ikm «f 

hydrogen sulphM#. 

Admitting the wttetemm at tlte group XO„ a* mphwing hydrogen w varfem* 
compounds, then ftitrte ««t4 my fe# roa«feter«4 a* water in nfet.fe half tfe« by,fe«y«*» 
k replaced by Uw radtete of nitrte weld. In this *www uttrte **>et i» min* «»ter, 
NO*, OH, iut«l it* nuhydrinfei diitilr**' water. In nitrte aefel (ha rwikln of 

ftltrto sei4 la mmbUiml with hydmyfe ju»t m in rnn^mvtma k \& immbUml with &h« 
rodlela of tem*«n«. 

It should hero to rwmarkwl that the group HO* may be r«»**gm**4 in the «0u ef 
nitric tw'itt, hoctuiso Ihs writ* have the »«««{*>** Uen MiNO^jU, jurat m U»* toaloUw «*hi<»ri4«s 
hivvr th# m«ip»:KtlU«ni MOL, lint tW grr»»«*j» Hit* 4»«s «<4 h*rm «u»y usher «v>«n|omn4s 
Wyood lh« mU», and therefore it ehi-ntt l«* m hy4m*yt, lit I, to wtuoh II is 

renki'«i fey NO,, 

* The nitre,rm«jwnn»t» yby a v«ry imfmrfeott pm in reining a»4 artilkry, tV£a<h4 
aoeotutU of them nm»t he k«kwl <«r in vptmM *r«h*. mwomk wfeieh lbs w«erk« of 
4, it, ihuhachanka and t. K, Chslktwnft ureapy m imymrtant }4*n* tn thn RumUji 
litsratttnt m thin tablet, »Uh<*»«gVt hittartsslly th# wSeniak w»t h.® i t \l*l m Engltmdi 
and »«rthotet fe Fmtf stand pro, eminent, The Utter mnofe in mmttontUn 

With «*gWv« eswBpnttnd# fey a «erU* ef Urth m4 lW*lie*t r****rehm. 

Aiming a i**itimUr)y imperfaml ptws* frmt « (wM (mint >4 vk«r k 

ceeupM fey mlmm? or Mask p*u«w4« (Chapter SUI , H« 4 « }*fe f*»teite«Utt« 
mon-ary (Chapter X7l n K«te Ml, tfes diWsnmi terms i4 ct 4 fe«ts»r VI , Note t?} 

and nitro glyawtea (Chapter Vttl , Miite 48. tm I Chapter XII., H.*te »a) The Utter 
when mU«l with willd polwuUm sufettenmm. Uk« Uitafi, Uw 

dynamite, which i# m largely wm 4 in qwunrte* mm! mine* in 4ri»in« itt^k to W# 
may whl Ui*t tV.« aimplss* trw Wire «,«iqnia»4, er mwah K * e . cjj,. w w fekfe wi th» 
MWNP»» m» »pku»d fey HO, gnmps few iAmlmm I fey L H. #te M, CCfftLU 

ou well « nltroform, CH(HO,)^ ‘ 


" Niw « sold may ha tmtlmly taftpca«d fey pmzkig Hm npmt «v*r feigUy iww. 
‘Ifeseout onppfer, fewaaw the ewids* of nitrt^pt tim tmmwH give op tfeetr mf§m te tbs 
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sequently an oxidising agent. Charcoal, aa we have already- seeD, 
burns in nitric acid ; phosphorus, sulphur, iodine, and the majority of 
motals also decompose nifcrio acid, some on heating and others even at 
the ordinary temperature : the substances taken are oxidised and the: 
nitric acid is deoxidised, yielding compounds containing less oxygen. 




I'm. 48, —Tho niotliocl of .decomposition of nitrous anhydride, alio applicable to tha o'tlier oxides of 
nitrogon, anil to tliolr analysis. NO, la generated from nltratoof load in tho retort A. Nitrlo 
nold and otlior losa volntllo prod not q arc oondonsod In B. Tlio tubo 0 0 ooutains oopper, and la 
boated from bolo w. U ndooomposod volatilo produota (If any aro formed) are oondenBcd In D, 
Wlllob Is ooolod. If tho decomposition bo Incomplete, brown fumes make their appearance In this 
receiver. The gasoous nitrogen la collected In tho cylinder E. 

‘Only afow metals, such as gold and platinum, do notact on nitric acid, 
but tlio majority, decompose it ; in so doing, an oxide of the metal is 
formed, which, if it has the character of a base, acts on the remaining 
nitric acid ; lionco, with tho majority of metals the result of the 
reaction is usually not an oxide of the metal, but the corresponding salt 

red-hot metallio copper, so that water and nitrogon gas alono are obtained. This 
forms a means for. 'determining tho composition both of nitrio acid and of all tbo 
other compounds of nitrogen with 
oxygon, booauao by collecting the 
gaseous nitrogon formed it is 
possible to calculate, from its 
volumo, its weight and oonso- 
<pumUy its amount in a given 
quantity of ft nitrogenous sub- 
utiuico, and l>y weighing tho ooppor 
bolero and after the dooompo- • 
sltion it is possible to dotermino 
the amount of oxygen by the 
increase in weight. The complete 
decomposition of nitrio acid is 
also accomplished by passing a 
mixturo of hydrogen and nitrio Bio. 40.— Dooomposttton of nitrous oxide by sodium, 
aoul vapours through a rod-hot 

tubo. Sodium also dooomposos tho oxides of nitrogen at a red-hoot, taking up all the 
oxygen. This method is sometimes peed for determining the com position of the oxide? 
of nitroaen. 
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determined, not only by the nature of the reacting substances, but also 
by the relative mass of water and nitric acid, and also by the temper- 
ature and pressure, or the sum total of the conditions of reaction ; and 
as in a given mixtuve even these conditions vary (the temperature and 
the relative mass vary), it not unfrequentLy happens that a mixture of 
different products of the deoxidation of nitric acid is formed. 

Thus the action of nitric acid on metals consists in their being 
oxidised, whilst the acid itself is converted, according to the temperature, 
concentration in which it is taken, and the nature of the metal, &c., 
into lower oxides, ammonia, or even into nitrogen. 44 Many compounds 
are oxidised by nitric acid like metals and other elements ; for instance, 
lower oxides are converted into higher oxides. Thus, arsenious acid is 
converted into arsenic acid, suboxide of iron into oxide, sulphurous 
acid into sulphuric acid, the sulphides of the metals, M 2 S, into sulphates, 
M 2 S0 4j &c. j in a word, nitric acid brings about oxidation, its oxygen 
is taken up and transferred to many other substances. Certain sub- 
stances are oxidised by strong nitric acid so rapidly and with so great 
an evolution of heat that they deflagrate and burst into flame. Thus 
turpentine, C 1Q H 1G , bursts into flame when poured into fuming nitric 
acid. In virtue of its oxidising property, nitric acid removes the 
hydrogen from many substances. Thus it decomposes hydriodic acid, 
separating the iodine and forming water ; and if fuming nitric acid be 
'poured into a flask containing gaseous hydriodic acid, then a rapid 

43 Montonmrtini endeavours to show that the products evolved in the action of nitrio 
acid upon metals (and thoir amount) is in direot connection with both the concentration 
of the aoid and tho oapaoity of the metals to decompose water. Those metals which 
only decompose water at a high temperature give, under the action of nitric aoid, NOj, 
N 2 O 4 , and NO; whilst those metals whioh decompose water at a lower temperature give, 
besides the above products, N 3 O, N, and NHj ; and, lastly, the metals which decompose 
water at the ordinary temperature also evolvo hydrogen. It is observed that concentrated 
nitrio aoid oxidiBQB many metals with muoh greater difficulty than when diluted with 
water; iron, copper, and tin are very easily oxidised by dilute nitrio aoid, but remain 
unaltored under tho influonao of monohydrated nitrio aoid or of the pure hydrate NHO s . 
Nitrio aoid diluted with a large quantity of water does not oxidise copper, but it oxidises 
tin ; dilute nitrio acid also doos not oxidise either silvor or meroury ; but, on the addition 
of nitrous aoid, even dilute acid acts on tho abovo metals. This naturally depends on 
tho smaller stability of nitrous acid, and on the fact that after tho commencement of 
the action tho nitric aoid is itself converted into nitrous aoid, which continuos to aot on the 
silver and mercury. Veloy (Oxford 1891) made detailed rosoarohes on tho aotion of 
nitrio aoid upon Cu, Hg, and Bi, and showed that nitrio acid of 80 p.o. strength does 
Hot act upon those metals at tho ordinary temporaturo if nitrous aoid (traces. euro destroyed 
by urea) and oxidising agents such as H a O a , KC10 3 , &c. be entirely absent; but in the 
presence of oven a small amount of nitrous aoid the metals form nitrites, which, with 
UNO;, form nitrates and tho oxides of nitrogen, whioh reform the nitrous aoid 
(necessary for starting tho reaction, because the reaotion 2NO + HN 0 3 + H 2 0 = 8 HN 0 2 is 
reversible. Tho abovo metals aro quickly dissolved in a 1 p.o. solution of nitrous aoid. 
Moreover, Voley observed that nitrio acid is partially converted into nitrons acid by 
gaseous hydrogen in tho presence of the nitrates of Cu and Pb. 
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reaction tokos place, imrtimjmniiHt by damn and the reparation of vUflot 
vapou rf! of iodine ami brown fames of oxidra of nitrogen. 4 ® 

Am nitric acid m very easily decompos'd with the Reparation of 
oxygen, it was for ft long time aupjrtstxl that it was m*t capable of 
forming the corresponding nitric anhydride, N/* s ; but Dovjllo firsi 
tyul subsequently Weber ami others, discovered the methods of its for- 
motion. Deville ©bteimxl nitric, anhydride hy decmnjimiiig silver nitrate 
by chlorine under the influence of a moderate heat Chlorine acta on the 
above ttn.lt at ntem|»erHturcuf 'Jfr (u'AgNtb, 4- t'l 3 2 Ag( '1 4 N^O,, + 0 ), 
anti when tiw'fi the reaction in r.tnrted, it c«>ut mum by itaolf without 
further heating. lirown fumes are given off, which are condensed in a 
tube surrounded by a freezing' mixture, A portion condenses in this 
tube and a portion ronudna in a gaseous »tat«*. Tito hitter contains 
free oxygen. A crystalline mass and a liquid substance are obtained in 
the tube ; the liquid is poured off, and a current of dry carbonic acid 
gas is passed through the apparatus in order to remove all traces of 
volatile substanoes (liquid oxides of nitrogen) adhering to the crystal* 
cl nitric anhydride. These form a voluminous now# of rhombic crystals 
(density H4), which tmwUmm are of rather largo siae ; they molt at 
shout $0® and 'distil at shout iV. In distilling, a portion of the sub* 
•tiuiou is dewnpowd. With water thsee crystal* give nitric acid, 
Nitrie anhydride Is ala® obtained by the action of phoaplmrte anhydride 
P a O & , on cold pure nitrie add (below 0*), I Hiring the very careful 
distillation of equal parte by weight of thrtw two aui^tauers a pore 
tion of the acid decomposes, giving a liquid emtqmuul, ir,tJ,aN a O» 
«ttN a 0 j,aUN 0 8 , whilst the greater part of the nitrie add gives tlm 
anhydride according to the equation 2 NHO, 4 r,0*w»3PHt», f N ? 0 6 , 
On % heating, nitric anhydride doemuposea with an explosion, or gradu- 
ally, into nitric peroxide and oxygen, N l D t «wK # 0 < «K>. 

fflitrogm pvroxuU, and nilrt^m dlurid\ No,, expretw one 

O When nitric arid sett on ttmif orgsuk it «fk.« K*{>t>«.»» teat nU «mly 

to M»gw rtroored, tmt situ oKygsn it tmaUa«4 ; Urn*, f<« b w«j*K wink «**4 tm* 
mm UAmm, C|Kg, into bwuoto said, 0,11,0,. In eertala mms «l«*. * p> f iu.it of tte 

(tt IMI bsriM h% Itwk III th* i4 ill# 

dtrie add. Ho, tj imUum, I»hlKi«. «dd, 0,tV>„ k ftebtW tmm **». C w Kt. 

Tlml ft® aetiOtt nr nitric Mid no ft# b|«tewtew« k otast w<«* sample* , not only due* 
nttrifi.t4.ku tete ptest, hut aim. sspuratU of tmtbm, 44*4 «w*a#«t *4 hy4ftig#t», sad 
oombinatiem of oxygen. Thtre an few orgaate mUAum* wbkb mm wtiUUnd Um 

aotkm «f nitfto add, and it m «at fwwkmsnWl etnagn ft a ttnm\»r «4 Hmm, 
tfc leavw a yaUnw pWo ob Uw akin, ond fn a qt^oUiy «.»»»# * Mw | atut cuittdy 
,«ata awayibe memomnn# «4 the b<Hty. Tito nwmUmtwa df l*kok aw mt>m i®u with Ut* 
mmbm mm by otreug ftltrk aeid i» |a»t the mm m mw. Qm of tit» mtM dumhU 
Wm v^WWe dyw wopJny«4 t« djdte* iAmm is Mim 1 yrt it k om|K< <m« »•«>**, i Ma 

•* ^ "**" ***' *** M ^ ^ ^ 
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And the same composition, but they should be distinguished like ordinary 
oxygon and ozone, although in this case their mutual conversion is 
more easily effected and takes place on vaporisation ; also, 0 3 loses heat 
in passing into 0 2 , whilst N 2 0 4 absorbs heat in forming N0 2 . 

Nitric acid in acting on tin and on many organic substances (foi; 
example, starch) gives brown vapours, consisting of a mixture of N 2 Oj, 
and NOj. A purer product is obtained by the decomposition of lead- 
nitrate by heat, Pb(N0 3 ) 2 3=2N0 2 + O+PbO, when non-volatile lead 
oxide, oxygon gas, and nitrogen peroxide are- formed. The latter con- 
denses, in a well-cooled vessel, to a brown liquid, which boils at about 
22°. Tho purest peroxide Of nitrogen, solidifying at — 2°, is obtained 
by mixing dry oxygen in a freezing- mixture with twice its volume 
of dry nitrio oxide, NO, when transparent prisms of nitrogen peroxide 
are formed in tho receiver : they melt into a colourless liquid at about- 
— 10°. When tho temperature of the receiver is above —9°, then 
crystals melt, 44 and at 0° give a reddish yellow liquid, like that ob- 
tained in tho decomposition of lead nitrate. The vapours of nitrogen, 
peroxide have a characteristic odour, and at thfe ordinary temperatures 
are of a dark -brown colour, but at lower temperatures the colour of 
the vapour is much fainter. When heated, especially above 50°, ther 
oolour becomes a very dark brown, so that the vapours almost lose their 
transparency. 

Tho causes of these peculiarities of nitrogen peroxide were not 
cloarly understood until Devillo and Troost determined the density 
and dissooiation of the vapour of this substance at different temperatures, 
and showed that the density varies. If the density be referred to that 
of hydrogen at the same temperature and pressure, then it is found to 
vary from 38 at the boiling point, or about 27°, to 23 at 135°, after 
which the density remains constant up to those high temperatures at 
which the oxides of nitrogen are decomposed. As on the basis of the, 
laws onunoiated in tho following ohapter, the density 23 corresponds 
with tho compound N0 2 (beoauso tho weight corresponding with this 
nrolooulnr formulae 46, and the density referred to hydrogen as unity i» 
equal to half tho molecular weight) ; therefore at temperatures above' 135“ 
the existence of nitrogen dioxide only must be recognised. It is thia 
gas wluoh is of a brown colour. At a lower temperature it forma 

*» According to certain Investigations, if a brown liquid is farmed from the melteii 
crystals* by heating above -0°, then thoy no longor solidify at ~-10°, probably because m 
oortain amount o! N„0 3 (and oxygen) ia formed, and this substance remains liquid at 
—80°, or it may bo that tho paaaago from BNO» Into is not so easily acqompliahe® 
ns the passage from N a O< into 2NO a . 

tiqtrid nitrogen peroxide (that So, a mixture of NO* and N9O4) Is employed in admix* 
tore with hydrocarbons as an explosive. 
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nitrogen poroxkU*,N,0 0 wharf matam!** weight, ami therefore density, 
i* twice that of this dioxide, Tht* •ulmUnet', which is isomeric with 
nitrogen dioxide, as oeoae is bomcrio with oxygen, and hm twice m 
great a vapour density (46 referred Us hydrogen), h form mi in greater 
quantity the lower the temperature, and crystallises at - Hi®. Tins 
reason® both of the variation of the colour of the gas (N,o 4 gives 
«do«rlw» and t»n*|»r««t vnpnnre, whilst those of NO, are brown and 
opaque) and the variation of the vapour density with the variation of 
temperature are thus made quit# dear ; and m at the boiling jmint a 
density IiH wm obtained, therefore at that temperature the vapours 
consist of a mixture of 79 part® by weight of N*u, with *il }>art« by 
weight of NOg. 4 ^ It it evident that » dreomposiifon June takes plana 
the peculiarity of which consist* in the fact that the product of dneom* 
portion, NO tt is )«jlyi«t*fiMHl (lr, b«*»tre detuwr, aomhinew with itedf) 
at a lower temperature j that is, the reaction 

N|0 ( wNO, + NO t 

Isa reverriWi reaction, and roaseqaently the whole phenomenon re. 
a dimmMim in a hom^eneoiw gaseous medium, where the 

original whitens, H # 0 4l and the resultant, NO* are both gases, The 
mmmm qf (Mmmmikm will be tipniawdi if we find the proportion 
of the quantity of th® aubatanae decomposed to the whole amount of 
thi substance. At the ladling point, thwrefmw, th# measure «f the 
decomposition of nitrogen peroxide will he III pc. ; at KW itm l, 
and at 10° It w» G ; that is, the N,U, is not then decomposable. 
Ootmcqucntly the limits of diesooiatioi) here are - 1 0** and 1JU1* at 
this atmospheric pressure.* 4 Within Urn limits of tbf**> tempera* 


^ Beaut** If * wj»aJ ttw awosal by WfSfhl <4 K*P*. It# vwteww wtU «rf Um» 

awwmtof HO, will »10D~#, m 4 i^MqiwwIly m twJmbw will ~|lr» -■ #?,»», Itoi Dm 
udxtwv, having a 4««iif IP, will *<%h 1W» it* will 

K mo* #/4« +{100- •}»* iQO/M, *»•* Tt«, 


m The pkmmmui, erf I*** trf Asmtaitaii, «M«i> *** «t»it rfy i*» jwrwettki 

toteaeie, am aiswwrf la detail to work* «tt ihwtiml N^wth*!***, » 

wupiet W ttltreg+R ptrestA*, a* **» Wetcrlmdty twfwrt*.#ii muunpt* *4 4i*wrfMt*» to a 
m w»U Me lit* iwKltsri tlwmMlal mrnmigmmu i l«Wb 
1IS$) m I* mA Mtteit#*, wba Itm 4rnmmm mulm tart***# &<tmUumrn **f 

kwperrtwe awl ptemte. T ha fefnw cf 4iw«fe»a, m f*«*rf m *b« «» {it «M*y »i« be 
otiwrefM -far ssuifin, bf V* mite «| *» n»»»ii4y *4 utibmimum tovtmtpvmiA ta 
that ttnalterf), pto^m to Iwwm« el rft towpirrtwfw ** ib* pfmmurv thmink^km, uh« h 
«mM U f.»r a hemopaaw# m mm* mmtinm, m a 4wl«| rf# 

*™ ttwnalitm r*f Dip lighten! pirfaet «f ^wteeteUtm {that battog th* |««*t tut 

terjpet wltt»f), Thu^ to the Nstanaorf e»prtw«tte t*« dto*nw MmimMim «t r |» 
mmrn from JO p«, to BO |».r . with e Am&m at ?«*#«»* pf tmm til t« as mm -{ at 4rt 
Itbwmeee* from 40 pe-to «;i p.o, with a fall *4 |*w«*«r# rf tmm m it* m mm,, srf at 
* .f t ‘ e ' F-S-. wish a toR of pmmmmol from Itti to lit aw. 

At 1W* Mid 1ST the 4#««p*ittoa ia «ww|4«to»-*tfe*t Is, rfj HO* mswrfi at the tew 
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tures the vapours of nitrogen peroxide have not a constant density, but, 
on the other hand, above and below these limits definite substances exist. 
Thus above 135° N 2 0 4 has ceased to exist and NO a alone remains. It 
is evident that at the ordinary temperature there is a partially dissociated 
'system or mixture of nitrogen peroxide, N 2 Q 4 , and nitrogen dioxide, 
NOj. In the brown liquid boiling at 22° probably a portion of the 
!N a 0 4 has already passed into N0 2 , and it is only the colourless liquid 
and crystalline substance at — 10° that" can be considered as pure 
initrogen peroxide, 47 

The above explains the action of nitrogen peroxide on water at lour 
‘ temperatures. N a 0 4 then acts on water like a mixture of the anhy- 
drides of nitrous and nitric acids. The first, N a Og, ,may be looked on 
as water in which each of the two-atoms of hydrogen is replaced by the 
radicle NO, while in the second each hydrogen is replaced by the radicle 
N0 2 , proper to nitrio acid ; and in nitrogen peroxide one atom of the 
hydrogon of water is replaced by NO and the other by NO a> as is seen 
from the formula) — 


NO' 

NO 


or 


Hl 0 . 

HjjOj N a O a ; 


1°; n§:)°> 

N a O 




no 2 

no 3 , 

N.,0, 


In face, nitrogen peroxide at low temperatures gives with water (ice) 
both nitric, I1N0 8 , and nitrous, HN0 2 , acids, The latter, as we shall 
.afterwards soe, splits up into water and the anhydride, N a O s . If, how- 
ovor, warm water act on nitrogen peroxide, only nitrio aoid and mon- 
oxide of nitrogen are formed : '3NO s -f H a 0=N0 + 2NH0 8 . 

Although NO a is not decomposed into N and 0 even at 500°,] 
stall in many oases it acts as an oxidising agent. Thus, for instance^ 
it oxidisos meroury, converting it into merourous nitrate, 2NO a -fHg> 

pressures (loan titan the atmospheric) at which th<S Natansons made their determina- 
tions; but it is probable that at higher pressures (of several atmospheres) moloodles of 
N # 0 4 would still bo formod, and it would bo oxooedingly interesting to traco the pheno - 1 
mona wider tiro oondlilouB of both very considerable pressures and ol relatively largo' 
volumes. 

47 Liquid nitrogen poroxido is said by Gouthor to boil at 22 °~ 20 °, and to have a sp. gr. 
at 0 °m 1 'JtM and rtt 1B°»»X , 474. It la evident that, in the liquid as in the gaseous state, 
the variation of density with the temperature depends, not only on physicairbut also onj 
chemical changes, as the amount of N a 0 4 doorcases and tire amount o( NO<f increases with 
tho temperature, and tlioy (as polymeric snbstanoos) Bllould liavo different densities, as) 
wo find, for instanoe, in the hydrocarbons C 5 H 10 and 

It may not be superfluous to mention hero that the measurement of the specific heat 
of a mixturo of the vapours of N a 0 4 and NO a enabled Borthelot to determine that the 
transformation of 2NO a into N 9 0 4 is accompanied by tlio evolution of about 18,000 units 
of boat, and as tho reaction proooeds with equal facility in either direction, it will ba 
exothermal In tho ono <lirootiou and ondolhormal th tho other , and this clearly demon- 
strates the possibility of reactions taking plaoo in either direotion, although, as a rule, 
reactions evolving heat proceed with greater ease. 
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T-HgNth, + No, tuning iUi’jf drmxitUa©*! tnio nitric oxide, into which 
lim dioxide in many ether t natation jmsvs, 4ml turn wht«fh it \% 
wunily farmed.” 

ftitron* nnhtfjtt'i K ? 0 1( ntrr^jumdi 15 to nitrous arid, NIIO*, 
which forma a writ* «f raUs, th« nitrites ~fW example. th« audium Halt 
NftNO,, the poUssihun m\l K N't *„ Urn ammonium sail | N H , )Nt t *• 
th® stiver salt 4ns. Neither the anhydride nor tin* hyilrah 

of the m id h known in & perfectly pure slat*. The anhydride* h *4 only 
boon ohtfiiuo l hr a very wnMalik xt|h~t»tK«\ amt Ini not yet Immui fully 
investigated ; iui* 1 mi attempting !»> obtain the and K H< i 4 from itl 
ftelts, it always gives Witter and the -anhydride, whilst the latter, StS &q 
int»*rm*di jto oxide, partially nr wholly *jdiu up into No + N ft),. But 
the aa.Ua «f nitrous avid art* ilUttn|tui>liwl f»*r their great stability, 
PotMalum mi train, KNUj, may t# leottvnrlml into p>>to* dum nitrite by 


^ at t tilt* *m 44 it *|>. gf . 1 St iU 4 i* * 4 ? :ev,? per'..!* te toaxHIleil tw««fn, Wkltl*| 

ItiW* *cW **f »p gr. } at 1 * nhaikl (iMRitli tela*. «*»4 I of ip gt toOw t tl fataatna 

Wkwlww after *l»»orbi»® jw-<t*i«te ito4* t»| 

** KU.f««jWi ^A«tl4c »i A *1**4 AutMtanew tm n<* (»«Vx«|Mtf4ii*jt lmUi*aj»iit aaHa, 
but Stkbtt and M»n4«t*ti« iSb-rt n«<l»* r.*rteiw so, 

(ttwettf with mtm m»ut**~for tertaiw, *mj *j^r *.*-4 *.>uu OnOn* Vu t lU\ »«4 e»»MO» 
•* ttofe Wnwn pdnl«r<i which 4* net, bn**ui l tUiiht si** r#**:U..ni» «f **li* Yhw 
by pwdttf «3 m*mm nitoi*®*** Atexhto »*»«• fr**hly te-luMwt Itw s'lai.te), hjf heeling 

with hffom*) tefpw «l W^4#\ 4ir*#rt y termed With it r «% «to«t 

<*f! NO, m 4 partly fen*» nitrite d ntfai, iMtlay Rwnliti rvf>| .*« »w4 ts* «wteMi«te> 
Th« natnr* af tfemw «iwpa»»4* ku w«t j»S been «»«n i.nljy h««e«n*al«4 

** Atltnntslttfll nitrite way t.*> eilaitud in mluttett by *iw»*tei rt*»5b*4 *4 *l»Mbki 
dseWnpjiiiUwt* (ter «f {to torim** iwlt until amwmium euijiba*.*) Jiri tl» niter 

*alt.a nf nitmu* mriil, hut it 4*ci«i|iMt« with gw*t *tea «Hp>nt*4, with #f#. 
t v) tifin t»f jjAswpoua n»ir- «*n, a« nh : ssa4y m#s»t4«is»<;4 4-te|>i«t V’ j It j}»» tulaiimt, 
l*» avAgorated at III* esittiiary tempMainrw nn4*r IH* tmanitmt « t aw »ir » m)l4 
wlinn RM«i It otlniad, whirl* i* »»*4y 4*«vMpfA4 *te* teaM Tin* dry #*Jt #mt 
dACftmpawM wW t Bit tehen •Irurki, p» *ten )maM «» atoai 70" NMiKOy 

♦ N|. U is «!»<♦ hitw*Kl t»y Ut« siette** » f «teju««nM A*n»«n«* s« « nitttnra *4 nltrio 
Wfi4i* an4 oilfWi or by Ite *rth«« 4 mm* cm Amunmte, «*) in m*»y niter ImiiwM. 
wnwnmn (iatt()>pr*patad NlkNO, by Ite adUu** *4 a mtatun* *4 NjUj «n4 other ««}4«* 
w niton®** twi Itnap* of amwMmltim nrtemte, *iiM*t)iig th» nitrite ««f *«r#wj«itu» 
”****» *b*4ttto ahsdwd, and pmt^telinf it f»«w ihte «d»Wt* hy *th»r. Thto wdl 
» wpMbw, m wafer with atewpltew «4 te«t, *»4 ettrunste #»«Ji»5«»r»» from Uh« 

ir aJi* ^ ffe to»***nli*te4 Mtiitett tfewompn »« with «*» **|4smii<n 
ifeiiwa* *0 MfedtKy In Ite pnaanew af to**** nt (mvigm A»i 4 ». I»»r«t»|***sti«*n 

uifio ™**®***y ImpMilaw, M nan dotty ; »n4 in e*4#» t« pwwtrf# th» 

teUtoll U MWW i with a h m a ptm» % «4hw. 

Rilvw witrite, AfMC% {■* ufetein*d ■« a tary digtelr M»t4# inheiAiwm, a# « wch 
pitete, efl mixing aolstlmw <*f aitoar nftnfe, AfNO*, ru4 p*ummm nilrtte, HNO*. II 
r fu* ui.te in * l*rp volttma «f water, wm| thin f« teher, A4t«ni«®» «f to trm it fr»*» 
tlrui ' * h,dl 8 V fmm% «*• ptwdfdial*, owing to tkmtm tt»4 poteMittm 
Wtoiteta mya ermtalBa a certain anunwl ef etld#, whfeh with water git** th» hyrtomthte, 
el wi ^ "“w "Ibwfe, tte* whrtten *4 tehmr nitrite g Itw, hy rteahte 
tKrfSj* 11 ?, * >WwWwi t*» hariain ahterhte), | M *4ufete aQw 

«Uteri4s ant tha otfeila e>f dw mate} fekW (in dtia oaaa, bartwn wtoite, lte(S0djik 
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depriving it of a portion of its oxygon ; for instance, by fusing it (at 
not too high a temperature) with metals, such as lead, KN0 3 + Pb 
acKNOjj + PbO.' 51 b >9 The resultant salt is soluble in water, whilst the 
oxide of lead is insoluble. With sulphuric and other acids the solution 
of potassium nitrito 02 immediately evolves a brown gas, nitrous anhy- 
drido : 2KNO a + H 2 S0 4 =K 2 S0. 1 + N 2 03 + H 2 0. The same gas (N 2 0 3 ) 
is obtained by passing nitric oxide at 0° through liquid peroxide of 
nitrogen, 153 or by heating starch with nitric acid of sp. gr. 1 ’3. At a 
very low temperature it condenses into a blue liquid boiling below O 0 , 64 
but then partially decomposing into NQ + N0 2 . Nitrous anhydride 
possesses a remarkable capacity for oxidising. Ignited bodies burn in it, 
nitric acid absorbs it, and then acquires the property of acting on silver 
and other metals, even when diluted. Potassium iodide is oxidised by 
this gas just as it is by ozono (and by peroxide of hydrogen, chromic 
and other aoids, but not by dilute nitric acid nor by suJphurio acid), 
with the separation of iodine. This iodine may be recognised (see 
Ozone, Chapter IV.) by its turning starch blue. Very small traces 
of nitrites may bo easily detected by this method. If, for example, 
starch and potassium iodide are added to a solution of potassium 
nitrite (at first there will bo no change, there being no free nitrous acid), 
and then sulphurio acid bo added, the nitrous acid (or its anhydride) 
immodiatoly sot froo liberates iodine, which produces a blue colour with 
the starch. Nitric acid does not act in this manner, but in the presenoe 
of zino the coloration talcos place, which proves the formation of 
nitrous acid in tho deoxidation of nitric acid. 55 Nitrous acid acts 

4) u)« Xvoroy (1800.) obtained KNO-j by mixing powdered KNOj with BaS, Igniting the 
mixture in acruoiblo and washing tho fused salts,* BaSO* Jb then left as an Insoluble 
residue, and KNOn passes into solution: 4KNOj+BaS = 4KNO 2 + BaS0 4 . 

43 Probably potassium nitrite, KNO a , when strongly boated, especially with metallic 
oxides, evolves N and 0, and givos potassium oxide, KjO, bocausc nitre is liable to such 
a doeranpomtkm; but it has, as yot, boon but litllo investigated. 

1,8 There are many roseavebes which lead to tho conclusion that the reaction N s Oj 
c .NOn + NO is rcvorsihlo, i.e. resembles tho conversion of N s Oj into NO<. Tho brown 
Colour of tho fumes of N-jOj is duo to tho formation of NOj. 

If nitrogen poroxido lie cooled to — 20°, and half its woight of water be added to it drop 
by drop, then tho peroxide is decomposed, as wo havo already said, into nitvous and nitric 
adds ; the former does not then remain as: a hydrate, hut straightway passes into tho 
anhydride, and, honoo, if tho rosultant liquid ho slightly warmed vapouvs of nitvous 
anhydride, NaOj, aro evolved, and condonso into ft blue liquid, as Fritesche showed. 
This method of preparing nitrous anhydride apparently giveB tho purest product, but it 
easily dissociates, forming NO and NO* (and therefore also nitric acid in the presence 
of wator). 

M -According to Thorpe, N.,0 5 boils at + 18°. According to Gouther, at + tf°*5, and its 
«p. gt. at 0°«s 1*440. 

49 In tls oxidising action nitrous anhydride gives nitric oxide, N.,0s«2N0 + 0. Thus 
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'■The reaction commences at the ordinary temperature. Mercury and 
silver also give nitric oxide with nitric acid. . In these reactions with 
metals one portion of the nitric acid is employed in the oxidation of the 
metal, whilst the other, and by far the greater, portion combines with the 
metallic oxide so obtained, with formation of the nitrate corresponding 
with the metal takon. The first action of the copper on the nitric acid 
is thus expressed by the equation 

2NHO ;i + 3Cu=±H 2 0 + 3CuO + 2NO. 

Tho second reaction consists in the formation of copper nitrate — 
6NI-I0 3 + 8CuO=3H a O 4 - 3Cu(N0 8 ) 2 . 

Nitric oxide is a colourless gas which is only slightly soluble in 
water of a volume at the ordinary temperature). Reactions of 
doublo decomposition in which nitric oxide readily takes part are not 
known — that is to say, it is an indifferent, not a saline, oxide. Like 
tho othor oxides of nitrogen, it is decomposed into its elements at a red 
lioat (starting from 900°, at 1,200° 60 percent, give N 2 and 2N 2 0 3 , but 
comploto decomposition into N 2 and 0 2 only takes place at the melting 
point of platinum, Emicli 1892). Tho most characteristic property of 
nitrio oxido is its capacity for directly and easily combining with oxygon 
(owing to tho evolution of heat in tho combination). With oxygon it 
forms nitrous anhydrido and nitrogen peroxide, 2N0+0=N 2 0 3 , 
2NO+ 0 2 =2N0 a . If nitrio oxido is mixed with oxygen and imme- 
diately shaken up with caustic potash, it is almost entirely converted 
into potassium nitrite ; whilst after a certain time, when the formation 
of nitric peroxide has already commenced, a mixture of potassium nitrite 
and nitrate is obtained. If oxygen is passed into a bell' jar filled with nitrio 
oxide, brown fumes of nitrous anhydride and nitrio peroxide are formed, 
even, in tho absence of moisture ; these in tho presence of Water give, as 
wo already know, nitric acicl and nitric oxide, so that in the presence of 
an excess of water and oxygon the whole of the nitrio oxide is easily and 
directly converted into nitric acid. This reaction of tho re-formation of 
nitrio acid from nitric oxido, air, and water, 2N0 + H a 0 + 0 3 =2HN0 3 , 
is frequently rnado use of in practice. The experiment showing tho 
conversion of nitrio oxide into nitrio acid is very striking and instructive. 
As tho intermixture of tho oxygen with, blio oxido of nitrogen proceeds, 
tho nitrio acid formed dissolves in water, and if an excess of oxygen 
has not boon added the whole of the gas (nitrio oxide), being converted 

temperature, bolntf more rapid as tho surface of tho mesroury is increased (if shaken, the 
reaction proceeds very rapidly). If tho gas bo passed over KHO, it is obtained quite 
pure, because KHO doos not aot upon NO at the ordinary temperature (if heated, ICNO* 
and NaO or N a are formed). 


— namely Into N*O a and NHO„ NX* (fm* lnitUnc«t NO s ) »ml NX 4 , 

Ai the decent postilion of nit, He oxide begin* at ttmperatwmi alxiv* 
900®, many HttbatMica* hunt in it ; thus, ignited jihowpharui eon* 
tinue« to burn in nitric oxide, but sulphur and eharccml are oxtinguUhcd 
in it. Tina is duo to the fact that the heat evolved in the ooinhuation 
of those two fiubftanees is insufficient for tho d*cot«}K*itlon of the nitric 

<» This tmtatoraatton of the jW8MWf««n faste totrto mti4» »*»1 «*yg»n Utpartd 
oltrio sold in tbs immnm ot water, tuul with the evotaiton *4 heat, present* e newt! 
striking instance of Uq un toe torn prmtnwd by the wMmi >4 « tom h a) Umm, ‘J toy (str* 
fern with ease live work wltieh physios) (moling) «unl m®*h*uto*l (pr»*»nr«») t>mm effect 
with difftattUy. in title the motion, which is so dutinetivoly the property «4 the gMsoes 
molwotas, la apparently tle*to»y««l. In other cmm «f etowtosl notion it to apparently 
weletl, nrltting, »m thiuih frwm latent energy -that in, fr*«m the Internal motion of the 
atoms m the molwmle*. 

®> Nitrta oxide is eapshto of entering into many ehnwlwtoto combi nations { it is 
absorbed by the eolations of tunny twiita, for instance, tartar ie, a*«*lto, phosphoric, 
sulphuric, ami metallic chlorides {for example, Ht<CI„ UltH* «to . w«th which it form* 
definite compounds; Uesson Iwtti), wnd also by the solutions *4 many Rails. espeotaUy 
those {tinned by swbnxlde of iron (her instance, fwnmts snlph*t<<) In Has m#» » brown 
compound is formed which is exceedingly unstable, Uh» »U the #,wAh'g<m* compound* of 
nitric oxide. The amount **t ntlrie uxkta combined in this manner is in atomic pro 
portion with the wmntnl of the satotawe taken ; thus farrows sntptota, ftoHO*. etowto 
It in the proportion of NO to 8F*H0 4 . Ammonto is obtained by ih* action of « csustia 
! alkali on tto resultant compound, toesaee the oxygen of the nitric oxide end water are 

toMtafemd to dm fsrrow* oxhta, forming ferric oxide, whilst the nitrogen combine* with 
«to hydrogen ef the water, Anoordlng to the investigations «f ( toy ( l it**), the oompwimd 
to formed with the evotettan nf % targe quantity *4 heat. m& l* easily dissortatod, like tt 
•elution of smmonta In wstor. It U evident that oteidtatog sutotonaes {her example, 
potassium twrmnngwtato, KMnO*, Note 67} <u» able to convert it into til trie *ehl. U 
ttta presence c4 n radicle NO*, composed like nltrogon peroxiita, ninet to iwogoiMid to 
Ota oomponail# of aitria add, then a radleta NO, having dm rompodtom of nitrio i*\kta, 
may to admitted to the eompowidu of niferow neid. The mstponnd* is which the rwdteta 
{ NO to meegnteed «* «*dled n«ro*c*e«toywttiMita Ttowi eulmtarme* ore dswribe.! to 

5 Prof. Bungafs work (Kiel, l&to). 
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oxid<J, whilst the heat developed by burning phosphorus suffioes to pro- 
duce this decomposition. That nitric oxide really supports combustion, 
owing to its being decomposed by the action of heat, is proved by the 
fact that strongly ignited charcoal continues to burn in the same hitrio 
oxide 62 in which a feebly incandescent piece of charcoal is extin- 
guished 

The compounds of nitrogen with oxygen which we have so far con- 
sidered may all bo prepared from nitric oxide, and may themselves be 
converted into it. Thus nitric oxide stands in intimate connection 
with them . 68 The passage of nitric oxide into the higher degrees of 
oxidation and the converse reaotion is employed in practice as a means 
for traniiferrmff the oxygen of the air to substances capable of being 
oxidised. Starting with nitric oxide, it may easily be converted, with 
the aid of the oxygon of the atmosphere and water, into nitrio acid, 
nitrous anhydride, and nitric peroxide, and by their means employed to 
oxidiso other substances. In this oxidising action nitric oxide is again 
formod, and it may again be converted into nitric acid, and' so on con- 
tinuously, if only oxygon and water be presont. Hence the fact, which 
at first appears to bo a paradox, that by means of a small quantity of 
nitrio oxide in the presence of oxygen and water it is possible to oxidise 

A mixture of nitrio oxido and hydrogen is inflammablo. If a mixture of the two 
gaooB bo passed over spongy platinum tho nitrogen and hydrogon ovon combine, forming 
ammonia. A mixturo of nitric oxido with many combustible vapours and gases is very in* 
flnmmablo. A vary characteristic (lamo is obtained in burning a mixturo of nitrio oxide 
and tho vaxvour of the eombustiblo carbon bisulphide, CS 2 . Tlio latter substance is very 
volatile, bo that It is sufficient to pass tho nitrio oxide through a layer of the carbon bisul- 
phide (for instance, in a Woulio’s bottle) in order that tho gas escaping should oontain a 
considerable amount of the vapours of this substance. This mixturo continues to bum 
when ignited, and tho flame emits a large quantity of tho so-balled ultra-violet rays, 
whioh aro capable of induoing ohemioal combinations and decompositions, and therefore 
tho flame may ho employed in photography in tho absence of suffloiont daylight (magnesium 
light and oloctrio light have tho same property). There are many gases (for instance, 
ammonia) which whon mixed with nitrio oxido oxplodo in a eudiometer. 

Tho oxidos of nitrogen naturally do not prooeod directly from oxygen and nitrogen 
by cmrtabt alone, because thoir formation is accompanied by tho absorption of a largo 
quantity of heat, for (see Nolo 39) about 21,500 boat units aro absorbed when 1(1 
parts of oxygon and It parts of nitrogen oombino ; consequently tho decomposition of 
nitrio oxido into oxygon and nitrogen is accompanied by tho ovolution of this amount of 
heat i and therefore with nitrio oxido, as with all explosive substances and mixtures, tho 
reaction once started is able to prooeod by itsolf . In fact, Bortlielot remarked tho decom- 
position of nitrio oxido in tho explosion of fulminato of mercury. This decomposition 
does not take place spontaneously; substances ovon burn with difficulty to nitrio oxide, 
probably because) a certain portion of tho nitrio oxido in decomposing gives oxygen, which 
combines with another portion of nitric oxido, and forms nitric peroxide, a somewhat moro 
•table compound of nitrogen and oxygon. Tho further combinations of nitrio oxido with 
oxygen all proceed with tho ovolution of heat, and toko place spontaneously by contact 
with air alone. It is ovidont from those examples that the application of thermochemical 
data is limited. 
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an Indefinitely large quantity of substances which cannot be directly 
oxidised either by the action of the atmospheric oxygen or by the 
action of nitric oxide itself. The sulphurous anhydride, S0 2 , which 
Is obtained in the combustion of sulphur and in roasting many metallic 
Stilphides in the air is an example of this kind. In practice this gas 
is obtained by burning sulphur or iron pyrites, the latter being thereby 
■concerted into oxide of iron and sulphurous anhydride. In contact with 
the oxygen of the atmosphere this gas does not pass into the higher 
^degree of oxidation, sulphuric anhydride, S0 3 , and if it does form sul- 
phuric acid with water and the oxygen of the atmosphere, S0 2 + H 2 0 -f O 
=H 2 S0 4 , it does so very slowly. With nitric acid (and especially with 
nitrous acid, but not with nitrogen peroxide) and water, sulphurous 
anhydride, on the contrary, very easily forms sulphuric acid, and 
especially so when slightly heated (about 40°), the nitric acid (or, better 
still, nitrous acid) being converted into nitric oxide — 

3SO a + 2NH0 3 + 2H 2 0 = 2H 2 S0 4 + 2NO. 


The presence of water is absolutely indispensable here, otherwise 
Sulphuric anhydride is formed, which combines with the oxides of 
nitrogen (nitrous anhydride), forming a crystalline substance containing 
oxides of nitrogen ( chamber crystals, which will be described in Chapter 
XX.) Water destroys this compound, forming sulphuric acid and 
separating the oxides of nitrogen. The water must he taken in a 
greater quantity than that required for the formation of the hydrate 
H. 2 S0 4 , because the latter absorbs oxides of nitrogen. With an excess 
of water, however, solution does not take place. If, in the above re- 
action, only water, sulphurous anhydride, and nitric or nitrous acid be 
taken in a definite quantity,, then a definite quantity of sulphuric acid 
and nitric oxide will be formed, according to the preceding equation j but 
there the reaction ends and the excess of sulphurous anhydride, if there 
be any, will remain unchanged. But if we add air and water, then the 
nitric oxide will unite with the oxygen to form nitrogen peroxide, and 
the latter with water to form nitric and nitrous acids, which again give 
snlphuric acid from a fresh quantity of sulphurous anhydride. Nitric 
oxide is again formed, which is able to start the oxidation afresh if 
there be sufficient air. Thus it is possible with a definite quantity of 
nitnc oxide to convert an indefinitely large quantity of sulphurous 
anhydride into sulphuric acid, water and oxygen only being required.®* 


•'The instance of the action of a small quantity of NO in inducing a definite 
teacfaon between large masses (S0 2 +0 + H 2 0 = H a S0 4 ) is very instructive, 
|e«nse the ^iculars relatmg to it lmve been studied, and show that intermediate 
tmcm of reason may bo dxscovered in the so-called contact or catalytic phenomena. 

here 18 A f = SOa) reacts upon B ( - 0 and H s O) in the pre. 
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This may be easily demonstrated by an experiment on a small scale, if 
a certain quantity of nitrio oxide be first introduced into a flask, and 
sulphurous anhydride, steam, and oxygen be then continually passed in. 
Thus the above-desoribed reaction may be expressed in the following 
manner .• — 

nSOi + nO + (n'tm)H i O + NO=«H 2 SO <1 ,mH a O+NO 

if wo consider only the original substances and thoso finally formed In 
this way a definito quantity of nitric oxido may serve for the conversion of 
an indefinite quantity of sulphurous anhydride, oxygen, and water into 
sulphuric acid In reality, however, there is a limit to this, because air, 
and not pure oxygen, is employed for the oxidation, so that it is necessary 
to remove the nitrogen of the air and to introduce a fresh quantity 
of air. A certain quantity of nitrio oxido will pass away with this 
nitrogen, and will in this way bo lost. 65 

The preceding series of changes serve as the basis of the manufacture 
of sulphuric acid or so-called chamber acid. This acid is prepared on a 
vory largo scalo in cliomical works becauso it is the cheapest acid whose 
aotion can bo appliod in a great number of cases. It is therefore used 
in immenso quantities. 

Banco of 0, because it gives BC, a substance whioh forms AB with A, anil again lihoratoo 
0. Consequently C is a medium, a transferring subBtanco, without which tho roaction 
doos not proaood. Many similar phonomona may bo found in ollior departments of life. 
Thus tho raorohant is an indispensable medium botwoontbo producer and tho consumer; 
oxporimont is a medium botwoon tho phonomona of nature and tho cognisant faculties, 
and language, customs, and laws aro media whioh aro as necessary for tho exchangee 
of social intoroourso as nitrio oxido for thoso between sulphurous anhydride and oxygen 
$nd wator. 

W If tho sulphurous anhydride bo prepared by roaBting Iron pyrites, FeS s , then 
oaoh equivalent of pyrites (equivalent of Iron, 50, of sulphur 83, of pyrites 120) requires 
six equivalents of oxygon (that is 00 parts) for tho conversion of its sulphur into sul- 
phurio aold (for forming 2Ha604 with wator), bosides 1£ equivalents (24 parts) for con- 
verting tho Iron into oxide, Fe a 0 5 ; honoo tho combustion of tho pyritos for tho formation 
of sulphuric aoid and forrlo oxido requires tho introduction of an oqual weight of oxygon 
(120 parts of oxygon to 120 parts of pyrites), or flvo timos its woight of air, whilst four 
parts by weight of nitrogon will roraaiu inaotivo, and in tho removal of tho exhausted 
air will carry off tlio romaining nitrio oxido. If not all, at loast a largo portion of tho 
nitrio oxido may ho collootad by passing tho osoaping air, still containing somo oxygon, 
through substances whioh absorb oxides of nitrogon. Sulphuric aoid itself may bo omployod 
lor this purpose if it bo uaod in tho form of the hydrato H 9 S0 4 , or containing only a 
email amount of water, because such sulphurio aoid clissolvos tho oxides of nitrogon. 
They may be easily expelled from this solution by heating or by dilution with wator, as 
they aro only slightly soluble in aqueous sulphurio aoid. Besides whioh, sulphurous 
anhydride acts on such sulphurio aoid, being oxidised at tho oxponso of tlie nitrous anhy- 
dride, and forming nitrio oxido from It, which again ontors into tho oyolo of aotion. For 
this roasen tho sulphurio aoid whioh has absorbed tho oxidos of nitrogen escaping from 
tho oliambors in the towor k (boo fig. 50) is lod baolt into tho firBt chamber, where it 
comes into oontaot with sulphurous anhydrido, by whioh means the oxidos of nitrogon 
lire reintroduced into the reaction whioh proceeds in the oliambors. This is the use of 
the towers (Gay-Lussac's and Glover’s) whioh are erected at either end of the chambers. 
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Th6 process is carried on in a series of chambers (or in one divided 
by partitions as in fig. 50, which shows the beginning and end of a 
chamber) constructed of sheet lead. These chambers are placed one 
against the other, and communicate by tubes or special orifices so 
placed that the inlet tubes are in the upper portion of the chamber, 
and the outlet in the lower and opposite end. The current of steam 
and gases necessary for the preparation of the sulphuric acid passes 
through these chambers and tubes. The acid as it is formed falls to 
the bottom of the chambers or runs down their walls, and flows from 


li 


!i 




IS® 


Fl V°r Scct ‘ on . , oJ , e P 1 P hllro ao, d chambers, the first, and Inst chambers only being represented. 

i lie tower to tlie left Is called the Glover's to'ver, and that on the right the Gay-Lussao's tower. 

Less than ^th of the natural size. 

chamber to chamber (from the last towards the first), to permit of 
which the partitions do not reach to the bottom. The floor and walls 
of the chambers should therefore be made of a material on whioli 
the sulphuric acid will not act. Among the ordinary metals lead is 
the only one suitable. 65 bIa 

For the formation of the sulphuric acid it is necessary to introduce 

® Other metals, iron, copper, zinc, are corroded by it ; glass and china are not 
•cteanpott, bnt they crack from the variations of temperature taking place in the chambers, 
wvd besides they are more difficult to. join properly than lead; wood, &c., become* 
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sulphurous anhydride, .steam, air. and nitrio acid, or some oxide of 
nitrogen, into the chambers. The sulphurous anhydride is produced by 
burning sulphur or iron pyrites. This is carried on in the furnace with 
four hearths to the loft of the drawing. Air is led into the chambers 
and furnaoo through orifices in the furnace doors. The current of air 
and oxygon is regulated by opening or closing thcso orifices to a greater, 
or loss oxtont. The ingoing draught in the chambers is brought about 
by the fact that hcatod gases and vapours pass into the chambers, whoso 1 
temperature is furthor raised by tho reaction itself, and also by tho 
remaining nitrogen being continually withdrawn from the outlet (abovo 
tho tower ic) by ft tall chimney situated near the chambers. Nitrio 
acid is prepared from a mixture of sulphuric acid and Chili saltpetre, 
in tho same furnaces in which tho sulphurous anhydride is evolved (or 
in special furnacos). Not moro than 8 parts of nitre are taken to 100 
parts of sulphur burnt. On leaving the furnace the vapours of nitrio 
acid and oxides of nitrogen mixed with air and sulphurous anhydride 
first pass along tho horizontal tubes t into tho recoiver b b, which is 
partially cooled by water flowing in on the right’ hand side and running 
out on tho loft by o, in order to reduco tho temperature of tho gases enter- 
ing tho chamber. Tho gases then pass up a tower filled with coke, and 
shown to the loft of tho drawing. In this tower are placed lumps of coke 
(tho residue from tho dry distillation of coal), over which sulphuric acid 
trickles from tho resorvoir m. This acid has absorbed in tho end tower ic 
tho oxides of nitrogen escaping from tho chamber. This end towor is also 
filled with coke, over which a stream of strong sulphuric acid fcricldos from 
tho reservoir m'. Tho acid spreads oven the coke, and, owing to the large 
surface offered by tho latter, absorbs the greater part of the oxides of 
nitrogon escaping from the chambers. Tho sulphuric acid in passing 
down tho towor becomes saturated with the oxides of nitrogen, and 
flows out at h into a special receiver (in tho drawing situated by tho 
side of tho furnacos), from which it is forcod up the tubes h! h' by steam 
pressure into tho rosorvoir M, situated abovo tho first towor. The gases 
passing through this towor (hot) from tho furnaco on coming into con- 
tact with tho shlplmric acid tako up tho oxidos of nitrogen contained 
in it, and these are thus returned to tho chamber and again participate 
in the reaction. Tho sulphuric acid loft after their extraction flows 
into tho chambers. Thus, on leaving tho first coke towor the sulphurous 
annydrklo, air, and vapours of nitric acid and of tho oxides of nitrogen 
pass through the upper tubo vi into tho chamber. Here they come 
into contact with steam introduced by lead tubes into various parts of 
tho chamber. Tho reaction takes place in the presence of water, the 
sulphuric acid falls to tlm bottom of tho chamber, and the same process 
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take* pine© in the following chamber* until the whole of the cutlphurooa 
anhydride i* consumed, A »cwwpwhs&4 greater proportion of air than is 
atrictiy frmmmrf U p*M«d in, in order that no luiptumnw unhydrid® 
should }»’ left unaltered for want of nuflleinnl oxygen. The proeeno* 
of an axe©** of oxygen in shown by the colour of the gtmm ©Reaping 
from the last chamber If they be of a pale mhmr It indicated an 
tnMlleteney of air (and th«pr*«*mocof •ulphumua anhydride), aa other* 
wine peroxide rtf nitrogen would ho formed. A very dark colour ahowc 
an axe<MM of air, which is aJmi disadvantAgeous, heoMk*' it itwrmmm tho 
Inovitalde 1 «hw of mtrk oxide by inermsing the mmn of eaeaplng 

IpUHto.*® 

A\tn>u* wiifc, Njt V u m ftimilar to water in it a volumetric compost* 
lion. Two volume* of nitrous oxide ar« formed from two volume* of 

** ftf thte « tmjft* m lautot n« &,§<»,«>» <4 « tuteiWr «<"»>!. containing abust 

•ft pm Mtefc of the hydrate «t4 atom* *» po will *4 w»l •», miry ft# manttfaeturad 

mi f««r to *>#» plant *4 i.tw cflh« nxiiM <’*pa#ity [wittemt «n*pj ►**•») This praeM* 

m* iw« bmajhi t» awto a 4*gr»e of pifwltw Pud m Much »* wx* p*tl* «f lip* hydrate 
»w obtained too I’M!* to «ulphwr, »kli*t lit* Iftrotrlioil nwwnnl to »rrt 
pwte than (toft pm*** “tbm nelft put* w«b IU wmwnw ,4 water m beating For ihte 
pttfpoan It la baa ted in M mw ea l a 0» a^t r»'Ulaiiot«^ ttM«i IS par emni. of 

the hjdwate pr Stattutol ultestoy begin* t*» art ««n IW Wl wb*n boated. tout theretora 
the farther yeawrai to water 1 * ««4wta4 H e»ap«*i«ting iw gi»»* «*» pUUtmm nwwlii 
** mill be damW la €tet|s * m XX Tte» ^hmw* «*i4 iW fi«u<»«n obtained in ttm 
ah ar whart te te maA ton t sabM arid. The acht nnacantiated t»* «ui • Itoume to mm* 
IMenilf mnptofed, ad MiMtlMn the hydrate (•' Ifewafl bm*'l »u»tto *ri«J to also 
tteed tn Ettghutd atom* aw than |j9t» militeti kihytrww* of vfcamtor *us»«t «» godawl 
fef this* mettml. Tk» fnmaUMi *4 *»lpJmfto wM by (hr wtoinn of mirto **j» 4 was dill* 
anwawt hy DldiW, and the tta* Iwl riywWr »** afvetad by haM, in to 

th# ai44l» of the lautl Mttiwy The $mmnc#> to Oin priam,* »m only brought t«.» light at 
the beginning *4 kbit oenlnry, alwti i#«»| Uapr*«r*metil« «»o» Uilr»»4«*!'s»i (nb* prelim 
03 If th« hjrdraio IfNu* *« tl»» hyibato ItSit, hpj m iA, 

mmuqmto te ie tfeto <m*»* h|H to Aypafnw aatpjft^ IhpaitrnM 

»«i4* wafteFoadiaf aitb Mtow* ««I4» (a* il* w*hyttrbb»b to tml %«»«**» in a pare slate, 
hilt its a)t« (tHrava) mm hn«tw». They are prepared % th* mlnsUuM *<f niirona (and 
id littrki aaite by •odium amalgam. If thla amahtam t« a»M«l to a oeM 
iMw *4 M al h altee nitrtte «*W th« eaotalton *4 gaa wn and the •*•»•• *4 aUiail 
teitaral fti l l With aeatte ««#4, an tawdnbta y«4)oe piwi}fif#t» *4 «4w hypnniittio, K4gO, 
wnhiilitM «« teteteg a wilitteii ef aitwir nitmte. Tfeto hyponliitto i» inudubte to 
ten fMmhl n M l il t OateWtip o M * whaw Heated, arili* the avolatta* of aiirou* o*»4» If 

Iteitei It fb a otopo a M with m mp/tomm. St t« itaulM imehangtn) by weak 
•Wtetei Mila, vlftit Hi* atrwgar aefete (tot eimph anipherin and h|4r*whJnr»o a«si4») 
fymMmm k aitmtteo, eiirto and arid* remaining In aoluUon. 

Amm thtt tehMf kfpmMmm mU% WHO, Min «4 tewi, aepper, and marrttry 

W» Stwdtthl# to water, lt4gteg % tha tend between hypmtitroaa arid and the «lba» 
*4 nttmpa, tet to raw am tor thtohtog that it« M b* 

*Wh twtewto, 1%MnM C»«| #« frwteaUf mtotoditg hfdrm ytamtoe, H lty(0!th 

teto ftitetoM add, NOfOH) (Itote ili, hf iwiwm k m atbdte* autatmn «f KiteAb 

hypftftitama aeld, Mylf gf%, and th*® a ptmUrnt (stern Matter* mi. » (SfyOt, wWoh, 
m tettw «Wtotitts, gave tot nm acid. On Ow toSter b#M, Wteto»«H* <Iw«| •h->e«4 
the Mtowt «4 the gtdpb&rts Mid «tt to hytorm^tMtona «?«•» nitnt* *4 
lte,w « bftridaa, tototow Mirnto («*®»rdto f Is V * N«tofO» 
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nitrogen and one volume of oxygen, which may be shown by the ordinary 
method for the analysis of the ‘oxides of nitrogen (by passing them over 
rod-hot copper or sodium). In contradistinction to the other oxides of 
nitrogen, it is not directly oxidised by oxygen, but'it may be obtained 
from the higher oxides of nitrogen by the action of certain deoxidising 
Bubstanoes ; thus, for oxamplo, a mixture of two volumes of nitric oxide 
and one volume of sulphurous anhydride if left in contact with Water 
and Spongy platinum is converted into sulphuric acid and nitrous oxide, 
fiNO-bSO a + H a Os=H a S0 4 + H 2 0. Nitrio acid, also, under the action 
of cortain metals — for instance, of zino 68 — gives nitrous oxide, although 
in this case mixed with nitrio oxide. The usual method of preparing 
nitrous oxido consists in the decomposition of ammonium nitrate by the 
aid of heat, because in this case only water and nitrous oxide are formed, 
NII 4 N 0 3 « 2 H 9 0 + N fl 0 (a mixture of NH 4 G1 and KNO a is sometimes 
taken). The decomposition 09 proceeds very easily in an apparatus like 
that used for the preparation of ammonia or oxygen — that is, in a 
retort or flask with a gas-oonduoting tube. Tfcie decomposition must, 
however, bo carried on carefully, as otherwise nitrogen is formed frorp 
the decomposition of the nitrous oxide.'* 0 

rn NaHSO*+ 9H a O + N a O), a tun all amount of hyponitrous acid which may bo precipitated 
in the form of the silver salt : and this reaction is moat simply expressed by taking the 
doubled formula of hyponitrous aoid, NH a (OH) + NO(OH) » II a O + N a H a 0 2 . The best 
argument in favour of the doubled formula Is the property possessed by hyponitrous acid 
of forming aoid salts, HNaN a O a (Zorn). 

According to Thouna, tlvo following axe the properties of hyponitrous acid. When 
liberated from the dry silver salt by the aotion of dry sulphuretted hydrogen, hyponitrous 
aoid is unstable, and easily explodes ovsn at low tomperaturos. But when dissolved in 
water (having been formed by the action pf hydrochloric aoid upon the silver salt), it is 
stable even when boiled with dilute acids and alkalis. The solution is colourless and 
has a strongly acid reaction. In the oourse of time, however, the aqueous solution also 
decomposes into nitrous oxide and wateri The complete oxidation by permanganate of 
potash proceeds according to tho following equation* BELjNjOa + 8KMnO, + 12H a 30, 
• ICIINOa + <tK 3 S0 4 + 8MnS0 4 + 12H s O. In an alkaline solution, KMn0 4 only oxidises 
hyponitrous acid into nitrous and not into nitrio acid. Nitrous acid has a decomposing 
action upon hyponitrous acid, and if tho aqueous solutions of tho two acids be mixed to- 
gether they immudiatuly give off oxiflos of nitrogon. Hyponitrous acid does not liberate 
CO., from its salts, but on the other hand it is not displaced by COj. 

«i rt is remarkable that olootro-dopositod copper powdor givos. nitrous oxide with ft 
10 p.e. solution of nitrio acid, whilst ordinary copper giveB nitrio oxido. It is here 
evident that the physical and mechanical structure of tho substance affects the coursoof 
the reaction— that is to say, it is a case of contact-action. 

«# Tills decomposition in accompanied by tlvo evolution of about 25,0Q0 calories per 
molecular quantity, NH*N0 5 , and therefore takes plaoo with odso, and sometimes with 

an explosion . , . 

Ja In order to remove any nitrio oxido that might bo present, the gas obtained, w 
passed through a solution of ferrous sulphate. As nitrotfs oxide is very soluble in cold 
water (at 0°, 100 volumes of water dissolvo 180 volumes of N$0 J at 30°, 67 volumes), i« 
must be collected over warm water, The nitrous oxido is much more soluble than nitrio 
m lde, which is la agreement.with the fact that nitron* cadde is much more easily liquefied 

*14 
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As it is liquefied with comparative ease, and as the cold produced by its 
vaporisation is very considerable, 73 it (as also liquid carbonic an- 
hydride) .is often employed in investigations requiring a low tempera- 
ture. Nitrous oxide forms a very mobile, colourless liquid, which acts 
on the skin, and is incapable in a cold state of oxidising either 
metallic potassium, phosphorus, or carbon ; its specific gravity is 
slightly less than that of water (0° = 0-910, 10° = 0-856, 35° = 0-60, 
89° = 0-45, Villard, 1894). When evaporated under the receiver of an 
air-pump, the temperature falls to — 100°, and the liquid solidifies 
into a snow-like mass, and partially forms transparent crystals. Both 
these substances are solid nitrous oxide. Mercury is immediately 
solidified in oontact with evaporating liquid nitrous oxide. 74 

When introduced into the respiratory organs (and consequently 
into the blood also) nitrous oxide produces a peouliar kind of intoxica- 
tion accompanied by spasmodic movements, and hence this gas, 
discovered by Priestley in 1776, received the name of ‘laughing gas.' 
On a prolonged- respiration it produces a state of insensibility (it is an 
ancesthetio like chloroform), and is therefore employed in dental and 
surgical operations. 

Nitrous oxide is easily decomposed into nitrogen and oxygen by the 
action of heat, or a series of electric sparks ; and this explains why a 
number of substances which cannot bum in nitric oxide do so with 
great ease in nitrOUs oxide. In fact, when nitric oxide gives, some 
oxygon on decomposition, this oxygen immediately unites with a fresh 
portion of tho gas to form nitrio peroxide, whilst- nitrous oxide does 
not possess -this capacity for further combination with oxygen. 74 ' A 
mixture of nitrous oxide with hydrogen explodes like detonating 

slderablo, namely (according to Hognault)', at,+10°«45 atmospheres, at O°*=80 atmo- 
spheres, at —10° >=>29 atmospheres, and at) c-20°=-28 atmospheres. It boils at -92°. 
and tho pressure is thon therefore “l atmosphere (aeo Chapter II., Note 27). 

71 Liquid nitrous oxido, in vaporising at the same presspro as liquid carbonio 
Anhydride, givos riso to almost equal or even slightly lower temperatures. Thus at a 
pressure of 25 mm. carbonio anhydride gives a teraperaturo as low as -115°, and nitrous 
oxido of -125° (Dawar). Tho similarity of those properties and even of the absolute 
boiling point (CO Q + 82°, NjO + 86 0 ) is all tho moro romarkablo beoauso those gases have 
tho fliuno molecular wolghb “44 (Chapter VII.) 

,s A very characteristic oxporimont of simultaneous combustion and ifttGn.no cold 
may bo performed by moans of liquid nitrous oxido f- if liquid nitrous oxido he poured 
into a test tube containing some mercury the meroury will solidify, and if a piece 
of red-hot charcoal bo thrown upon tho surface of the nitrous oxide It will continue to 
bum very brilliantly, giving riso to a high tomporaturo. 

74 in tire following chapter we shall consider the volumetrio composition of the 
oxides of nitrogen. It explains tho differonoo between nitrio and nitrous oxide. 
Nitrous oxido is formed with a diminution of volumes (contraction), nitrio oxide without 
contraction, its volumo being equal to tho sum of the volumes of the nitrogen and oxygen 
Of which it is opmposocL By oxidation, If it could be dUreotly accomplished; two volumes of 
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gaa ( gaseous nitrogen being formed, N,0*hH|S*H s 0 + H 3 . The 
volume of the remaining nitrogen is ©qtml to the original volume of 
nitrous oxides, and 1ft equal to the volume of hydrogen entering into 
combination with the oxygen ; henoe in this reaction equal volume* of 
nitrogen and hydrogen replace each other Nitrous oxide is also very 
easily decomposed by rod-hot roetak ; and sulphur, phosphorus, and 
charcoal burn in it, although not so brilliantly as in oxygen. A sub- 
stance in burning in nitrous oxide evolve* more heat than an equal 
quantity burning in oxygen ; which moat dearly show* that in the 
formation of nitrous oxide by the combination of nitrogen with oxygen 
there was not an evolution but an absorption of heat, them bring no 
other source for the excess of heat in the combustion of substances* in 
nitrous oxide {am Note 29). If a given volume of nitrous oxide ho 
decomposed by n metal - for instance, sodium— then there remains, 
after cooling and total decomposition, a volume of nitrogen, exactly 
equal to that of the nitrous oxide taken ; consequently the oxygen is, 
bo to say, distributed between the atoms of nitrogen without producing 
an increase in the volume of the nitrogen. 

nitrous ©side sad on# veluma t*f oxygen would sol gtm *Ur»n bat four volant** of nifcrta 
oxiAs. Those IwIm must, fee takes into mmsidorxUwn ta eomjwuto* the *»Jon!l« wjub 
vtdenta cl tarmxtkwt, the capacity tar suppertisf sad other pr«§M*rtte# d 

nitrous and nitric oxides, NfO and NO 



